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ABOUT THIS BOOK 


This book provides architects and designers with a concise 
source of core information needed to form a framework for 
the detailed planning of any building project. The objective is 
to save time for building designers during their basic inves¬ 
tigations. The information includes the principles of the 
design process, basic information on siting, servicing and 
constructing buildings, as well as illustrations and descrip¬ 
tions of a wide range of building types. Designers need to be 
well informed about the requirements for all the constituent 
parts of new projects in order to ensure that their designs 
satisfy the requirements of the briefs and that the buildings 
conform to accepted standards and regulations. 

The extended contents list shows how the book is orga¬ 
nised and the order of the subjects discussed. To help read¬ 
ers to identify relevant background information easily, the 
Bibliography (page 589) and list of related British and inter¬ 
national standards (page 595) have been structured in a way 
that mirrors the organisation of the main sections of the 
book. 

To avoid repetition and keep the book to a manageable 
length, the different subjects are covered only once in full. 
Readers should therefore refer to several sections to glean all 
of the information they require. For instance, a designer 
wanting to prepare a scheme for a college will need to refer to 
other sections apart from that on colleges, such as - 
draughting guidelines; multistorey buildings; the various 
sections on services and environmental control; restaurants 
for the catering facilities; hotels, hostels and flats for the 
student accommodation; office buildings for details on 
working environments; libraries; car-parks; disabled access 
(in the housing and residential section); indoor and outdoor 
sportsfacilities;gardens;aswell as details on doors, windows, 
stairs, and the section on construction management, etc. 

Readers should note that the majority of the material is 
from European contributors and this means that the detail 


on, for example, climate and daylight is from the perspective 
of a temperate climate in the northern hemisphere. The 
conditions at the location of the proposed building will 
always have to be ascertained from specific information on 
the locality. A similar situation is to be seen in the section on 
roads, where the illustrations show traffic driving on the 
right-hand side of the road. Again, local conditions must be 
taken into consideration for each individual case. 

The terminology and style of the text is UK English and this 
clearly will need to be taken into account by readers accus¬ 
tomed to American English. These readers will need to be 
aware that, for example, 'lift' has been used in place of 
'elevator' and 'ground floor' is used instead of 'first floor' 
(and 'first floor' for 'second', etc.). 

The data and examples included in the text are drawn from 
a wide range of sources and as a result a combination of 
conventions is used throughout for dimensions. The mea¬ 
surements shown are all metric but a mixture of metres, 
centimetres and millimetres is used and they are in the main 
not identified. 

Readers will also find some superscript numbers asso¬ 
ciated with the measurements. Where these appear by 
dimensions in metres with centimetres, for instance, they 
represent the additional millimetre component of the mea¬ 
sure (e.g. 1.26 5 denotes 1 m, 26cm, 5 mm). Anybody familiar 
with the metric system will not find this troublesome and 
those people who are less comfortable with metric units can 
use the Conversion Tables given on pages 611 to 627 to 
clarify any ambiguities. 

The plans and diagrams of buildings do not have scales as 
the purpose here is to show the general layout and express 
relationships between different spaces, making exact scaling 
unnecessary. However, all relevant dimensions are given on 
the detailed drawings and diagrams of installations, to assist 
in the design of specific spaces and constructions. 
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INTRODUCTION 


Throughout history man has created things to be of 
service to him using measurements relating to his body. 
Until relatively recent times, the limbs of humans were 
the basis for all the units of measurement. Even today 
many people would have a better understanding of the 
size of an object if they were told that it was so many men 
high, so many paces long, so many feet wider or so many 
heads bigger. These are concepts we have from birth, the 
sizes of which can be said to be in our nature. However, 
the introduction of metric dimensions put an end to that 
way of depicting our world. 

Using the metric scale, architects have to try to create 
a mental picture that is as accurate and as vivid as 
possible. Clients are doing the same when they measure 
rooms on a plan to envisage the dimensions in reality. 
Architects should familiarise themselves with the size of 
rooms and the objects they contain so that they can 
picture and convey the real size of yet-to-be designed 
furniture, rooms or buildings in each line they draw and 
each dimension they measure. 

We immediately have an accurate idea of the size of an 
object when we see a man (real or imaginary) next to it. It 
is a sign of our times that pictures of buildings and rooms 
presented in our trade and professional journals are too 
often shown without people present in them. From 
pictures alone, we often obtain a false idea of the size of 
these rooms and buildings and are surprised how 
different they appear in reality - frequently, they seem 
much smaller than expected. One of the reasons for the 
failure of buildings to have cohesive relationships with 
one another is because the designers have based their 
work on different arbitrary scales and not on the only true 
scale, namely that of human beings. 

If this is ever to be changed, architects and designers 
must be shown how these thoughtlessly accepted 
measurements have developed and how they can be 
avoided. They have to understand the relationship 
between the sizes of human limbs and what space a 
person requires in various postures and whilst moving 
around. They must also know the sizes of objects, 
utensils, clothing etc. in everyday use to be able to 
determine suitable dimensions for containers and 
furniture. 

In addition, architects and designers have to know 
what space humans need between furniture - both in the 
home and in the workplace - as well as how the furniture 
can best be positioned. Without this knowledge, they will 
be unable to create an environment in which no space is 
wasted and people can comfortably perform their duties 
or enjoy relaxation time. 

Finally, architects and designers must know the 
dimensions for minimum space requirements for people 
moving around in, for example, railways and vehicles. 
These minimum space requirements produce strongly 
fixed impressions from which, often unconsciously, other 
dimensions of spaces are derived. 

Man is not simply a physical being, who needs room. 
Emotional response is no less important; the way people 
feel about any space depends crucially on how it is 
divided up, painted, lit, entered, and furnished. 

Starting out from all these considerations and 
perceptions, Ernst Neufert began in 1926 to collect 
methodically the experiences gained in a varied practice 
and teaching activities. He developed a 'theory of 
planning' based on the human being and provided a 
framework for assessing the dimensions of buildings and 
their constituent parts. The results were embodied in this 
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book. Many questions of principle were examined, 
developed and weighed against one another for the first 
time. 

In the current edition up-to-date technical options are 
included to the fullest extent and common standards are 
taken into consideration. Description is kept to the 
absolute minimum necessary and is augmented or 
replaced as far as possible by drawings. Creative building 
designers can thus obtain the necessary information for 
design in an orderly, brief, and coherent form, which 
otherwise they would have to collect together laboriously 
from many reference sources or obtain by detailed 
measurement of completed buildings. Importance has 
been attached to giving only a summary; the fundamental 
data and experiences are compared with finished 
buildings only if it is necessary to provide a suitable 
example. 

By and large, apart from the requirements of pertinent 
standards, each project is different and so should be 
studied, approached and designed afresh by the architect. 
Only in this way can there be lively progress within the 
spirit of the times. However, executed projects lend 
themselves too readily to imitation, or establish 
conventions from which architects of similar projects may 
find difficulty in detaching themselves. If creative 
architects are given only constituent parts, as is the 
intention here, they are compelled to weave the 
components together into their own imaginative and 
unified construction. 

Finally, the component parts presented here have been 
systematically researched from the literature to provide 
the data necessary for individual building tasks, checked 
out on well-known buildings of a similar type and, where 
necessary, determined from models and experiments. 
The objective of this is always that of saving practising 
building planners from having to carry out ail of these 
basic investigations, thereby enabling them to devote 
themselves to the important creative aspects of the task. 
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UNITS AND SYMBOLS 



basic 

unit 

unit 

symbol 

definition 
based on 

SI units in 
the definition 

1 length 

metre 

m 

wavelength of 
krypton radiation 


2 mass 

kilogram 

kg 

international 

prototype 


3 time 

second 

s 

duration period of 
caesium radiation 


4 electrical 
current 

ampere 

A 

electrodynamic power 
between two conductors 

kg, m, s 

5 temperature 

kelvin 

K 

triple point of water 


6 luminous 
intensity 

candela 

cd 

radiation from freezing 
platinum 

kg, s 

7 quantity of 
matter 

mole 

mol 

number of carbon atoms 

kg 


1 ) SI basic units 


The statutory introduction of SI Units took place in stages between 1974 and 1977. 
As from 11 January 1978 the International Measurement System became valid using 
SI Units (SI = Systeme Internationale d'Unites). 


prefixes and their abbreviations are: 


T 

(tera) 

= 10i? 

(billion) 

c 

(centi) 

= 1/100 

(hundredth) 

G 

(giga) 

- 10 9 

(US billion) 

m 

(milli) 

= 10 3 

(thousandth) 

; m 

(mega) 

= 10 6 

(million) 

M 

(micro) 

= 10-6 

(millionth) 

k 

(kilo) 

= 10 3 

(thousand) 

n 

(nano) 

= 10 9 

(US billionth) 

h 

(hecto) 

= 100 


P 

(pico) 

= 10 

(billionth) 

da 

(deca) 

= 10 


f 

(femto) 

= 10 15 

(US trillionth) 

d 

(deci) 

= 1/10 

(tenth) 

a 

(atto) 

= 10 19 

(trillionth) 


no more than one prefix can be used at the same time 
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Decimal multipliers 


area 

1 m \ 1 

m 

= 1 m? 


velocity 

1 m x 1 

s 

= 1 ms 1 = 1 m/s 


acceleration 

1 m x 1 

s 

= 1 ms ? = 1 m/s? 


force 

1 kg x 1 

m 

\1s? = 1kgms? = 

1 kg m/s 2 

density 

1 kgx 1 

m 

3 = 1 kg m 3 = 1 kg/m 

3 

(?) Examples of deriving SI units 

quantity 

unit 

(symbol) 


dimensions 
(M = mass, 

L = length, 

T = time) 

relationships 

area A 

m? 


L? 

_ 

volume V 

m 3 


L 3 

_ 

density p 

kgm 3 


ML 3 


velocity v 

ms 1 


LT i 

_ 

acceleration a 

ms ? 


LT ? 

- 

momentum p 

kgms 1 


MLT i 

- 

moment of inertia l,J 

kgm? 


ML? 

_ 

angular momentum L 

kgm?s 1 


ML?T i 

- 

force F 

newton (N 


MLT 2 

1 N = 1 kgm/s? 

energy, work E, W 

joule <J) 


ML?T ? 

1 J = 1 Nm = 1 Ws 

1 kcal = 4186 J, 

1 kWh = 3.6 MJ 

power P 

watt (W) 


ML ?T 3 

1 W = 1 J/s 

pressure, stress p, cs 

pascal(Pa) 


ML IT ? 

1 Pa = 1 N/m 2 





1 bar = 10 5 Pa 

surface tension y 

Nm i 


ML IT ? 

- 

viscosity 11 

kgm ’s 1 


ML IT 1 

- 


4J Summary of main derived SI units 


symbol 

name (unit) 

meaning and relationships 

/ 

ampere (A) 

current 

V 

volt (V) 

potential difference: 1 V = 1 W/A 

R 

ohm ( LI ) 

resistance: 1 U = 1 V/A 

Q 

coulomb (C) 

charge: 1 C = 1 As 

P 

watt (W) 

power 

G 

siemens (S) 

conductance: 1 S = 1/ii 

F 

farad (F) 

capacitance: 1 F = 1 As/V 

H 

henry (H) 

inductance: 1 H = 1 Vs/A 

</> 

weber (Wb) 

magnetic flux: 1 Wb = 1 Vs 

8 

tesla (T) 

magnetic flux density: 1 T = 1 Wb/m? 


^5j) Symbols and units: electromagnetism 


symbol 

(unit) 

meaning 

t 

(°C, K> 

temperature 

(note: intervals in Celsius and kelvin are identical) 

At 

(K) 

temperature differential 

q 

(J) 

quantity of heat 

(also measured in kilowatt hours (kWh)) 

X 

(W/mK) 

thermal conductivity (k-value) 

X' 

(W/mK) 

equivalent thermal conductivity 

A 

(W/m?K) 

coefficient of thermal conductance (C-value) 

« 

(W/m 2 K) 

coefficient of heat transfer (U-value) 

k 

(W/m2K) 

coefficient of heat penetration 

1/A 

(m?K/W> 

value of thermal insulation 

1/<x 

(m?K/W) 

heat transfer resistance (R value) 

1/k 

(m?K/W) 

heat penetration resistance 

D' 

(m?K/W cm) 

coefficient of heat resistance 

c 

(Wh/kgK) 

specific heat value 

S 

(Wh/m 3 K> 

coefficient of heat storage 

s 

(1/K) 

coefficient of linear expansion 

p 

(Pa) 

pressure 

p 0 

(Pa) 

vapour pressure 

So 

(9) 

quantity of steam 

9k 

<g) 

quantity of condensed water 

v 

(%> 

relative atmospheric humidity 

M 

(-) 

coefficient of diffusion resistance 

M d 

(cm) 

equivalent atmospheric layer thickness 

Ay 

(g/m 2 hPa) 

coefficient of water vapour penetration 

1/A 0 

(m?hPa/g) 

resistance to water vapour penetration 

pX 

(W/mK) 

layer factor 

pX' 

(W/mK) 

layer factor of atmospheric strata 

p 

(£,$/kWh) 

heating cost 


6j Symbols and units: heat and moisture 


symbol 

(unit) 

meaning 

X 

(m) 

wavelength 

f 

(Hz) 

frequency 


(Hz) 

limiting frequency 

f () 

(Hz) 

frequency resonance 

E dva 

(N/cm?) 

dynamic modulus of elasticity 

S' 

(N/cm 3 ) 

dynamic stiffness 

R 

(dB> 

measurement of airborn noise reduction 

R m 

(dB) 

average measurement of noise reduction 

R' 

(dB) 

measurement of airborn noise suppression in a 
building 

L n 

(dB) 

impact noise level standard 

a 

(-) 

degree of sound absorption 

A 

(m?) 

equivalent noise absorption area 

r 

(m) 

radius of reverberation 

AL 

(dB) 

noise level reduction 
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UNITS AND SYMBOLS 


quantity 

symbol 

51 unit 


statutory unit 


old unit 


relationships 



name 

symbols 

name 

symbols 

name 

symbols 


normal 

». I*, y 

radian 

rad 





1 rad = 57.296 = 63.662 gon 

angle 




perigon 

pla 



1 pla = 2 ji rad 







right angle 

L 

V = 1/4 pla = (Jt/2) rad 





degree 


old degrees 


1 - V/90 = 1 pla/360 = (rc/180) rad 





minute 




1=1 /60 





second 




1" = r/60 = 1 /3600 





gon 

gon 

new degrees 

g 

1 gon = 1 g = 1 l /100 = 1 pla/400 









= n/200 rad 







new minute 

a 

1 c = 10 2 gon 







new second 

cc 

1 cc = 10 2 > c = 10' 4 gon 

length 

/ 

metre 

m 

micron 

um 

inch 

in 

1 in = 25.4 mm 





millimetre 

mm 

foot 

ft 

1 ft = 30.48 cm 





centimetre 

cm 

fathom 

fathom 

1 fathom = 1.8288 m 





decimetre 

dm 

mile 

mil 

1 mil = 1.609 km 





kilometre 

km 

nautical mile 

sm 

1 sm = 1.852 km 

area 

A 

square 

nV 






cross 


metre 






square foot (= 0.092 m 2 ); 

section 








acre (0.405 ha) still in use 

of land 




are 

3 



1 a = 10 2 m 

plots 




hectare 

ha 



1 ha= 10 4 m 

volume 

V 

cubic metre 

m J 

litre 

, 



11 = 1 dm 3 = 10 3 m 3 

normal 






normal cubic metre 

NnV 

1 Nm 3 = 1 m 3 in norm condition 

volume 






cubic metre 

cbm 

cbm = 1 m 3 

time, 

t 

second 

s 






time span. 




minute 

min 



Imin = 60s 

duration 




hour 

h 



th = 60 min = 3600s 





day 

d 



Id = 24h = 86400s 





year 

a. y 



la = 1y = 8765.8h = 3.1557 v 10’s 

frequency 

f 

herti: 

Hz 





1 Hz = 1/s for expressing 

reciprocal 
of duration 








frequencies in dimensional equations 

angular 

(o 

reciprocal 

Vs 





«> = 2 « f 

frequency 


second 







angular 

(0 

radians per 

rad/s 





to = 2 * n 

velocity 


second 







no. of revs, 

n 

reciprocal 

Vs 






speed of 


second 


revs per second 

r/s 

revs per second 

r.p.s. 

Vs = f/s = r/s 

revolutions 




revs per minute 

r/min 

revs per minute 

r.p.m. 


velocity 

V 

metres per 

m/s 

kilometres 

km/h 



1 m/s = 3.6 km/h 



second 


per houf 


knots 

kn 

1 kn = 1 sm/h = 1.852 km/h 

acceleration 

9 

metres per 

m/s- 






due to 


second per 




gal 

gai 

1 gal = 1 cm/s 2 = 10 2 m/s 2 

gravity 


second 







mass 

m 

kilogram 

kg 






weight (as a 




gram 

g 



1 g = 10 3 kg 

result of 




tonne 

t 



1 t = 1 Mg = 10 3 kg 

weighing 






| pound 

lb 

1 lb = 0.45359237 kg 







metric pound 


1 metric pound = 0.5 kg 







ton 

ton 

1 ton = 2240 lb = 1016 kg 

force 

i F 

newton 

N 





1 N = 1 kg m/s 2 = 1 Ws/m = 1 J/m 

thrust 

o 





dyn 

dyn 

1 dyn = 1 g cm/s 2 = 10 » N 







| pond 

P 

1 p = 9.80665 ^ 10* 3 N 







kilopond 

kp 








megapond 

Mp 








kilogram force 
tonne force 

kg/f 

t/f 


stress 

(7 

newtons 

N/nV 

newtons 

N/mm- 




Strength 


per square 


per square 


kiloponds per 

kp/cm 2 

1 kp/cm 2 = 0.0980665 N/mm 2 

atiGuQjp 


bei 8dri3i6 


: bGi adnaiG 


IPIobouqa be. 

Kb'.CUJj 

j Kb'.cuuj = 0 0880862 l/l'.ww* 

sness 

<t 

newtons 

NIII- 

1 newtons 

Whftf- 




strength 


per square 


per square 


kiloponds per 

kp/cm 2 

1 kp/cm 2 = 0.0980665 N/mm 2 



metre 


millimetre 


square cm/mm 

kp/mm 2 

1 kp/mm 2 = 9.80665 N/mm 2 

energy 

W, £ 

joule 

J 

kilowatt hour 

kWh 

h.p. per hour 

h.p..h 

1 J = 1 Nm = 1 Ws = 10 7 erg 

1 kWh = 3 6 ' 10 6 J = 3.6 MJ 

1 h.p./h = 2.647 80 * 10 6 J 







erg 

erg 

1 erg = 10 7 J 

quantity of 

heat 

0 

joule 

J 



calorie 

cal 

1 cal = 4 1868 J = 1.163 - 10 3 Wh 

torque 

M 

newton metre 

Nm 



kilopond metre 

kpm 

1 kpm = 9.80665 J 

bending 

M 

or joule 

J 






moment 









power 

P 

watt 

W 





1 W = 1 J/s = 1 Nm/s = 1 kg m 2 /s 3 

energy 









current 






horsepower 

h.p. 

1 h.p. = 745.7 kW 

thermodynamic 

T 

kelvin 

K 



deg. kelvin 

K 


temperature 






deg. Rankine 

R, Rk 

R = 6 /9 K 

Celsius temp. 

fi 



degrees Celsius 

C 



«= T- TJT, = 273.15 K> 

temperature 

\T or 


K 





AH = \ T, therefore 

interval and 

differential 

H\ 







1 K = 1 C = 1 deg. 

Fahrenheit 

if: 





deg. Fahrenheit 

F 

Hf = 9 /5 H + 32 = 9 /s 7 - 459.67 

temperature 
Reaumur temp. 

H„ 





deg. Reaumur 

R 

H„ = 4 /5 H, 1 R f>/4 C 


Mathematical symbols 

> greater than 

> greater than or equal to 

< smaller than 

< smaller than or equal to 

I sum of 
z angle 
sin sine 
cos cosine 
tan tangent 
cotan cotangent 

on average 
= equals 
= identically equal 

* not equals 

= roughly equals, about 

* congruent 

asymptotically equal 
(similar) to 

infinity 

II parallel 

* equal and parallel 

^ not identically equal to 

x multiplied by 
divided by 
1 perpendicular 

V volume, content 
(o solid angle 

\ root of 
A final increment 
= congruent 
A triangle 

tt same direction, parallel 
U opposite direction, parallel 

Greek alphabet 

A a (a) alpha 
B |3 (b) beta 

I' y (g) gamma 
A 5 (d) delta 

H t (e) epsilon 
Z C (z) zeta 
H r\ (e) eta 
0 B (th) theta 
I x (i) iota 

I 1 (!) 

I I (i) iota 

K k- (k) kappa 
W (I) lambda 
M (m) mu 
N v (n) nu 
E c, (x) xi 
Oo (o) omicron 
n tt (p) pi 
P p (r) rho 
I a (s) sigma 
T t (t) tau 

Y \) (u) upsilon 

O 0 (ph) phi 
Ex (ch) chi 

4* y (ps) psi 
U<o (o) omega 


1l) SI and statutory units for the construction industry 
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DRAUGHTING GUIDELINES 




DRAUGHTING GUIDELINES 



format 

A series 

B series 

C series 

0 

841 x 1189 

1000 x 1414 

917 x 1297 

1 

594 x841 

707 x1000 

648 x 917 

2 

420 x 594 

500 x 707 

458 x 648 

3 

297 x 420 

353 x 500 

324 x 458 

4 

210 x 297 

250 x 353 

229 x 324 

5 

148 x 210 

176 x 250 

162 x 229 

6 

105 x 148 

125 x 176 

114 x 162 

7 

74 ■> 105 

88 x 125 

81 x 141 

8 

52 x 74 

62 x 88 

57 x 81 

9 

37 x 52 

44 x 62 


10 

26 x 37 

31 x 44 


11 

18 x 26 

22 x 31 


12 

13 x 18 

15 x 22 
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Sheet sizes 


format 

abbre¬ 

viation 

mm 

half length A4 

1/2 A4 

105 x 297 

quarter length A4 

1/4 A4 

52 x 297 

one eighth A7 

1/8 A7 

9 x 105 

half length C4 

1/2 C4 

114 x 324 

etc. 
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DOCUMENTATION AND DRAWINGS 

The format of documentation (whether in the form of 
plans, reports, letters, envelopes etc.) has, apart from in the 
USA, generally been standardised to conform to the 
internationally accepted (ISO) series of paper sheet sizes in 
the A', 'B\ 'C' and 'D' ranges. These standard paper 
formats are derived from a rectangular sheet with an area 
of 1 m 2 . Using the 'golden square', the lengths of the sides 
are chosen as x = 0.841 m and y = 1.189m such that: 
x x y = 1 
x:y = 1:V2 

This forms the basis for the A series. Maintaining the same 
ratio of length to width, the sheet sizes are worked out by 
progressively halving (or, the other way round, doubling) 
the sheet area, as would happen if the rectangular sheet 
was repeatedly folded exactly in half ► © - (3). 

Additional ranges (B, C, and D) are provided for the 
associated products that require larger paper sizes, i.e. 
posters, envelopes, loose-leaf file binders, folders etc. The 
formats of range B are designed for posters and wall- 
charts. The formats in ranges C and D are the geometric 
mean dimensions of ranges A and B and are used to 
manufacture the envelopes and folders to take the A sizes. 

> @ The extra size needed for loose-leaf binders, folders 
and box files will depend on the size and type of clamping 
device employed. 

The strip or side margin formats are formed by halves, 
quarters, and eighths of the main formats (for envelopes, 
signs, drawings etc.) ->© + ©. 

Pads and duplicate books using carbonless paper also 
have standard formats but may have a perforated edge or 
border, which means the resulting pages will be a 
corresponding amount smaller than the standard sheet 
size -> (8). 

During book-binding, a further trim is usually necessary, 
giving pages somewhat smaller than the standard format 
size. However, commercial printers use paper supplied in 
the RA or SRA sizes and this has an allowance for 
trimming, which allows the final page sizes to match the 
standard formats. 
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(If) Format strips in A4 
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picas 

mm 

type area width 

39.5 

40.5 

167 

171 

type area, height {without header/footer) 

58.5 

59 

247 

250 

space between columns 

, 

5 

max. width, single column 

39.5 

167 

max. width, double column 

19 

81 

inside (gutter) margin, nominal 

16 

14 

outer {side) margin, nominal 

27 

25 

top (head) margin, nominal 

20 

19 

bottom (foot) margin, nominal 

30 

28 


Jl) Layouts and type area with A4 standard format 
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uncut drawing sheet, 
depending on requirement, 
is 2-3cm wider than 
final trimmed original 
drawing and print 


box for written 
details and 
parts list 


Q Standard drawing 


sheet sizes in acc. 
with ISO A series 

ISO A0 

ISO A1 

ISO A2 

ISO A3 

ISO A4 

ISO A5 

uncut blank 
paper (mm) 

880 x 1230 

625x880 

450 x 625 

330 v 450 

240x330 

165x240 

format trimmed, 
finished sheet (mm) 

841 -1189 

594x841 

420 x 594 

297 x 420 

210x297 ! 

148x210 


© Sheet sizes 
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uncut format - 


cutting line on drawing 
cut print 


writing box 
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cut-out ISO A2, A1, AO 
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The use of standard drawing formats makes it easier for 
architects to lay out drawings for discussion in the design 
office or on the building site, and also facilitates posting and 
filing. The trimmed, original drawing or print must therefore 
conform to the formats of the ISO A series. > (3) - (6) 

The box for written details should be the following 
distance from the edge of the drawing: 

for formats A0-A3 10mm 

for formats A4-A6 5 mm 

For small drawings, a filing margin of up to 25 mm can be 
used, with the result that the usable area of the finished 
format will be smaller. 

As an exception, narrow formats can be arrived at by 
stringing together a row of identical or adjacent formats out 
of the format range. 

From normal roll widths, the following sizes can be used 
to give formats in the A series: 

for drawing paper, tracing paper 1500, 1560 mm 
(derived from this 250, 1250, 660, 900 mm) 

for print paper 650, 900, 1200 mm 

If all the drawing formats up to A0 are to be cut from a 
paper web, a roll width of at least 900 mm will be necessary. 

Drawings which are to be stored in A4 box files should 
be folded as follows: (8) 

(1)The writing box must always be uppermost, in the 
correct place and clearly visible. 

(2}On starting to fold, the width of 210 mm (fold 1) 
must always be maintained, and it is useful to use a 
210 x 297 mm template. 

(3) Fold 2 is a triangular fold started 297 mm up from the 
bottom left-hand corner, so that on the completely 
folded drawing only the left bottom field, indicated 
with a cross, will be punched or clamped. 

(4) The drawing is next folded back parallel to side 'a' 
using a 185 x 298 mm template. Any remaining area 
is concertina-folded so as to even out the sheet size 
and this leaves the writing box on the top surface. If 
it is not possible to have even folds throughout, the 
final fold should simply halve the area left (e.g. A1 
fold 5, A0 fold 7). Any longer standard formats can be 
folded in a similar way. 

(5) The resulting strip should be folded from side 'b' to 
give a final size of 210 x 297 mm. 

To reinforce holes and filing edges, a piece of A5 size 
cardboard (148 x 210 mm) can be glued to the back of the 
punched part of the drawing. 




(IT) Dimensions and scheme for folding 
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south elevation east elevation north elevation west elevation 


basement ground floor upper floor 







foundations layout of joists roof truss layout site plan 


writing 

box 


(T) Suitable arrangement of a construction drawing 
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(2 ) Suitable arrangement of scale details 
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Arrangement 

Leave a 5cm wide blank strip down the left- 
hand edge of the sheet for binding or 
stapling. The writing box on the extreme 
right -> 0 should contain the following 
details: 

(1) type of drawing (sketch, preliminary 
design, design etc.) 

(2) type of view or the part of the 
building illustrated (layout drawing, 
plan view, section, elevation, etc.) 

(3) scale 

(4) dimensions, if necessary. 

On drawings used for statutory approvals 
(and those used by supervisors during 
construction) it might also contain: 

(1) the client's name (and signature) 

(2) the building supervisor's name (and 
signature) 

(3) the main contractor's signature 

(4) the building supervisor's comments 
about inspection and the building 
permit (if necessary on the back of 
the sheet). 

A north-point must be shown on the 
drawings for site layouts, plan views etc. 
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Standard method of dimensioning an 
oddly shaped plan (measurements 
given are structural dimensions) 


+ 2.69 T * 2 . 75 


*2 75 

X7 


in ground plans 
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Heights as shown in sections and 
elevations 


Scales 

The main scale of the drawing must be given in large type in the box for written 
details. Other scales must be in smaller type and these scales must be repeated 
next to their respective diagrams. All objects should be drawn to scale; where the 
drawing is not to scale the dimensions must be underlined. As far as possible, use 
the following scales: 

for construction drawings: 1:1, 1:2.5, 1:5, 1:10, 1:20, 1:25, 1:50, 1:100, 1:200, 1:250 

for site layouts: 1:500, 1:1000, 1:2000, 1:2500, 1:5000, 1:10000, 1:25000. 

Measurement Figures and Other Inscriptions 

In continental Europe, for structural engineering and architectural drawings, 
dimensions under 1 m are generally given in cm and those above 1 m in m. 
However, recently the trend has been to give all dimensions in mm, and this is 
standard practice in the UK. 

Chimney stack flues, pressurised gas pipes and air ducts are shown with their 
internal dimensions as a fraction (width over length) and, assuming they are 
circular, by the use of the symbol 0 for diameter. 

Squared timber is also shown as a fraction written as width over height. 

The rise of stairs is shown along the course of the centre-line, with the tread 
depth given underneath (-> p. 13). 

Window and door opening dimensions are shown, as with stairs, along the central 
axis. The width is shown above, and the internal height below, the line ( > p. 13). 

Details of floor heights and other heights are measured from the finished floor 
level of the ground floor (FFL: zero height ±0.00). 

Room numbers are written inside a circle and surface area details, in m 2 , are 
displayed in a square or a rectangle (3). 

Section lines in plan views are drawn in chain dot lines and are labelled with 
capital letters, usually in alphabetical order, to indicate where the section cuts 
through the building. As well as standard dimensional arrows -> ( 5 ) oblique arrows 
and extent marks -> ® + © are commonly used. The position of the dimensional 
figures must be such that the viewer, standing in front of the drawing, can read the 
dimensions as easily as possible, without having to turn the drawing round, and 
they must be printed in the same direction as the dimension lines. 
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Taping edges 




7j T-square 


set of 






(l3) Drawing aids 







Correct way of holding a 
^ pencil 


Designers use drawings and 
illustrations to communicate 
information in a factual, 
unambiguous and geometric 
form that can be understood 
anywhere in the world. With 
good drawing skills it is simpler 
for designers to explain their 
proposals and also give clients a 
convincing picture of how the 
finished project will look. Unlike 
painting, construction drawing 
is a means to an end and this 
differentiates diagrams/working 
drawings and illustrations from 
artistic works. 

Sketch pads with graph 
paper having 0.5cm squares are 
ideal for freehand sketches to 
scale > (T). For more accurate 
sketches, millimetre graph 
paper should be used. This has 
thick rules for centimetre 
divisions, thinner rules for half 
centimetres and fine rules for 
the millimetre divisions. 
Different paper is used for 
drawing and sketching accord¬ 
ing to standard modular 
coordinated construction and 
engineering grids -> (2). Use 
tracing paper for sketching with 
a soft lead pencil. 

Suitable sheet sizes for 
drawings can be cut straight 
from a roll, single pages being 
torn off using a T-square or cut 
on the underside of the T-square 
-> (3). Construction drawings are 
done in hard pencil or ink on 
clear, tear-resistant tracing paper, 
bordered with protected edges -> 
@and stored in drawers or hung 
in vertical plan chests. 

Fix the paper on a simple 
drawing board (designed for 
standard formats), made of 
limewood or poplar, using 
drawing pins with conical points 
-» (5). First turn over 2cm width 
of the drawing paper edge, 
which can later be used as the 
filing edge (see p. 4), for this lifts 
the T-square a little during 
drawing and prevents the 
drawing being smudged by the 
T-square itself. (For the same 
reason, draw from top to 
bottom.) The drawing can be 
fixed with drafting tape rather 
than tacks -» ® if a plastic 
underlay backing is used. 

The T square has tradit¬ 
ionally been the basic tool of the 
designer, with special T-squares 
used to draw lines at varying 
angles. They are provided with 
octameter and centimetre 
divisions -> (7). In general, 
however, the ©square has been 
replaced by parallel motion 
rulers mounted on the drawing 
board -»(§). Other drawing aids 
include different measuring 
scales -^(8), 45° set squares with 
millimetre and degree divisions, 
drawing aids for curves 
and French curves ->(Jj). 
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3) Drafting pens 




© 


Three-armed drawing 
instrument 


© 


Circular drawing board for 
perspective drawing 



angle of vision 



14) Perspective method 



To maintain accuracy in 
construction drawings req¬ 
uires practice. For instance, it 
is essential to hold the T 
square properly and use 
pencils and pens in the 
correct manner. Another 
important factor in elimin¬ 
ating inaccuracy is keeping a 
sharp pencil point. There are 
various drawing aids that can 
help: grip pencils, for 

example, are suitable for 
leads with diameters of 2mm 
or more and propelling 
pencils are useful for thinner 
leads. Lead hardnesses from 
6B to 9H are available. Many 
models of drafting pens are 
available, both refillable and 
disposable, and offer a wide 
range of line thicknesses. For 
rubbing out ink use mech¬ 
anical erasers, erasing knives 
or razor blades whereas non¬ 
smear rubbers should be used 
for erasing pencil. For 
drawings with tightly packed 
lines use eraser templates 
• ,1 

Write text preferably 
without aids. On technical 
drawings use lettering stencils, 
writing either with drafting 
pens or using a stipple brush 
♦ v2\ Transfer lettering 

(Letraset etc.) is also 
commonly used. The 
international standard for 
lettering ISO 3098/1. 

To make the designer's 
intentions clear, diagrams 
should be drawn to con¬ 
vincingly portray the finished 
building. Isometry can be 
used to replace a bird's eye 
view if drawn to the scafe of 
^1:500 • and perspective 
grids at standard angles are 
suitable for showing internal 
views • „i6'. 



(16) Perspective grid 
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line types (weight) 

primary application 

scale of drawings 



1:1 

1:20 

1:100 



1:5 

1:25 

1:200 



1:10 

1:50 




line thickness (mm) 

solid line 
(heavy) 

boundaries of buildings in section 

1.0 

0.7 

0.5 

solid line 

visible edges of components; boundaries of narrow 

0.5 

0.35 

0.35 

(medium) 

or smaller areas of building parts in section 




solid line 
(fine) 

dimension guide lines; dimension lines; grid lines 

0.25 

0.25 

0.25 


indication lines to notes; working lines 

0.35 

0.25"' 

0.25 

dashed line’ 1 
(medium) 

hidden edges of building parts 

0.5 

0.35 

0.35 

chain dot line 
(heavy) 

indication of section planes 

1.0 

0.7 

0.5 

chain dot line 
(medium) 

axes 

0.35 

0.35 

0.35 

dotted line' 1 
(fine) 

parts lying behind the observer 

0.35 

0.35 

0.35 


dashed line - - -dashes longer than the distance between them 

dotted line.dots (or dashes) shorter than the distance between rhem 

0.35 mm if reduction from 1:50 to 1:100 is necessary 


dashed line - - -dashes longer than the distance between them 

dotted line.dots (or dashes) shorter than the distance between rhem 


In some European countries the 
measurement unit used in connection 
with the scale must be given in the 
written notes box (e.g. 1:50 cm) In the 
UK, dimensions are given only either in 
metres or millimetres so no indication of 
units is required. Where metres are used 
it is preferable to specify the dimension 
to three decimal places (e.g. 3.450} to 
avoid all ambiguity. 



1 

2 

3 

4 

unit 

dimensic 

under 1 m 
e.g. 

ns 

over 1 m 
e.g. 

1 m 

0.05 

0.24 

0.88 

3.76 

2 cm 

5 

24 

88.5 

376 

3 m, cm 

5 

24 

88& 

3.76 

4 mm 

50 

240 

885 

3760 
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Units of measurement 



© 


Indication lines to notes 


note: for plotter drawings using electronic data processing equipment and drawings destined for microfilm, other combinations of 
line widths may be necessary 

(?) Types and thicknesses of lines to be used in construction drawings 



© Dimensions given around the drawing 
(drawn at 1:100cm; units = cm) 




© 


Dimensions given by coordinates 
(drawn at 1:50cm, m; units - cm and m) 
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“dimension line 

- extension line 
“dimension arrow 


(?) Designation for dimensioning 
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CAD application in architectural design 

The acronym CAD usually means either computer-aided 
design or computer-aided draughting. CADD is sometimes 
used to mean computer-aided draughting and design. 
Computer-aided design is a highly valued technique because 
it not only enables a substantial increase in productivity but 
also helps to achieve neater and clearer drawings than those 
produced using the conventional manual drafting techniques 
described in the preceding pages. Standard symbols or 
building elements can be compiled as a library of items, 
stored and used to create new designs. There is also a 
possibility of minimising the repetition of tasks by linking 
CAD data directly with other computer systems, i.e. 
scheduling databases, bills of quantities etc. 

Another advantage of CAD is that it minimises the need 
for storage space: electronic storage and retrieval of 
graphic and data features clearly requires a fraction of the 
space needed for a paper-based system. Drawings currently 
being worked on may be stored in the CAD program 
memory whereas finished design drawings that are not 
immediately required may be archived in high-capacity 
electronic storage media, such as magnetic tapes or 
compact disks. 

A drawback relating to the sophisticated technology 
required for professional CAD has been the high expense of 
the software packages, many of which would only be run on 
large, costly computer systems. However, various cheap, 
though still relatively powerful, packages are now available 
and these will run on a wide range of low-cost personal 
computers. 

CAD software 

A CAD software package consists of the CAD program, 
which contains the program files and accessories such as 
help files and interfaces with other programs, and an 
extensive reference manual. In the past, the program files 
were stored on either 5V4 M or 31 / 2 " floppy disks. The low 
storage capacity of the 5V4" floppy disks and their 
susceptibility to damage has rendered them obsolete. 
Besides their higher storage density, 3V2" disks are stronger 
and easier to handle. Nowadays, the program files are 
usually stored on compact discs (CD-ROM) because of their 
high capacity and the ever increasing size of programs; they 
are even capable of storing several programs. 

When installing a CAD program onto the computer 
system, the program files must be copied onto the hard disk 
of the computer. In the past, CAD was run on 
microcomputers using the MS-DOS operating system only. 
New versions of the CAD programs are run using MS-DOS 
and/or Microsoft Windows operating systems. 


CONSTRUCTION DRAWINGS: CAD 

Hardware requirements 

Once the desired CAD software has been selected, it is 
important to ensure that the appropriate hardware 
(equipment) needed to run the program is in place. A typical 
computer system usually includes the following hardware: 

Visual Display Unit (VDU): Also called a screen or monitor, 
these are now always full-colour displays. The level of 
resolution will dictate how clear and neat the design 
appears on the screen. For intricate design work it is better 
to use a large, high-resolution screen. The prices of such 
graphic screens have fallen substantially in recent years 
making them affordable to a wide range of businesses and 
they are hence becoming commonplace. In the past, using 
CAD required two screens, one for text and the other for 
graphics. This is not necessary now because some of the 
latest CAD programs have a 'flip screen' facility that allows 
the user to alternate between the graphics and text display. 
In addition, the Windows version of some CAD programs 
also has a re-sizable text display that may be viewed in 
parallel with the graphics display. 

Disk drives and disks: The most usual combination of disk 
drives for desktop CAD systems initially was one hard drive 
and one 3V2“ floppy drive. The storage capacity of hard 
disks increased rapidly throughout the 1990s, from early 40 
MB (megabyte) standard hard drives to capacities 
measured in gigabytes (GB) by the end of the decade. The 
storage capability of floppy disks is now generally far too 
restrictive and this has led to the universal addition of 
compact disc drives in new PCs. These can hold up to 
650MB. This storage limitation has also led to the use of 
stand-alone zip drives and CD writers (or CD burners) to 
allow large files to be saved easily. 

Keyboard: Virtually every computer is supplied with a 
standard alphanumeric keyboard. This is a very common 
input device in CAD but it has an intrinsic drawback: it is a 
relatively slow method of moving the cursor around the 
screen and selecting draughting options. For maximum 
flexibility and speed, therefore, the support of other input 
devices is required. 

Mouse: The advantage of the mouse over the keyboard as 
an input device in CAD is in speeding up the movement of 
the cursor around the screen. The mouse is fitted with a 
button which allows point locations on the screen to be 
specified and commands from screen menus (and icons in 
the Windows system) to be selected. There are several 
types of mouse, but nowadays a standard CAD mouse has 
two buttons: one used for PICKing and the other for 
RETURNing. 
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Graphic tablet, digitising tablet (digitiser): A digitiser 
consists of a flat plate with a clear area in the centre, 
representing the screen area, the rest divided into small 
squares providing menu options. An electric pen (stylus) 
or puck is used to insert points on the screen and to pick 
commands from menus. The selection of a command is 
made by touching a command square on the menu with 
the stylus (or puck) and at a press of a button the 
command is carried out. Data can be read from an overlay 
menu or a document map or chart. The document should 
first be placed on the surface of the digitiser and its 
boundaries marked with the stylus or puck. The position 
of the puck on the digitiser may be directly related to the 
position of the cursor on the screen. 

Most pucks have four buttons: they all have a PICK 
button for selecting the screen cursor position and a 
RETURN button for completing commands but, in 
addition, they have two or more buttons for quick 
selection of frequently used commands. 

Printers : Hard-copy drawings from CAD software can be 
produced by using an appropriately configured printer. 
Printers are usually simple and fast to operate, and may 
also be used for producing hard copies from other 
programs installed in the computer. There are several 
types of printer, principally: dot-matrix, inkjet, and laser 
printers. The graphic output of dot-matrix printers is not 
of an acceptable standard, particularly when handling 
lines that diverge from the horizontal or vertical axes. 
Inkjet and laser printers are fast and quiet and allow the 
production of high-quality monochrome and coloured 


graphic diagrams up to A3 size. Colour prints are also no 
longer a problem since there is now a wide range of 
printers that can produce high-quality colour graphic 
prints at a reasonably low cost. 

Plotters: Unlike printers, conventional plotters draw by 
using small ink pens of different colours and widths. Most 
pen plotters have up to eight pens or more. Usually the 
CAD software is programmed to enable the nomination of 
the pen for each element in the drawing. 

Flat-bed plotters hold the drawing paper tightly on a 
bed, and the pens move over the surface to create the 
desired drawing. Although they are slow, their availability 
in small sizes (some with a single pen, for instance) 
means that a good-quality output device can be installed 
at low cost. 

Rotary (drum) plotters operate by rolling the drawing 
surface over a rotating cylinder, with the pens moving 
perpendicularly back and forth across the direction of the 
flow. They can achieve high plotting speeds. With large- 
format drafting plotters, it is possible to produce 
drawings on paper up to AO size. Depending on the 
plotter model, cut-size sheets or continuous rolls of paper 
can be used. 

Modern printer technology has been used to develop 
electrostatic plotters, inkjet plotters and laser 
printer/plotters. These are more efficient and reliable, and 
produce higher line quality than pen plotters. As well as 
drawing plans and line diagrams, they can also be used to 
create large colour plots of shaded and rendered 3D 
images that are close to photographic quality. 
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Living room 
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□ o 


© 


table 

85 x 85 x 78 - 4 people 
130 x 80 x 78 = 6 people 


© round table 

0 90 = 6 people 


(§) shaped table 70-100 

(^T) extending table 

chair, stool 0 45 x 50 

© arm chair 70 x 85 




C 


□ 

L- 

h ^ 

h- / 

h- / 

P ( 

) ® 

R 

© 

m i m 

© 


grand pianos 
baby 155 x 114 
drawing-room 200 x 150 
concert 275 x 160 


sewing table 50/50-70 
sewing machine 50/90 


baby's changing unit 80/90 


14) laundry basket 40/60 


chest 40/1.00-1.50 


(SB) 


O 


bed 95 x 195 
bedside table 
50 x 70, 60 x 70 


twin bed 

2(95 x 195, 100 x 200) 


double bed 
150 x 195 


child's bed 
70 x 140-170 


wardrobe 
60 x 120 


bath 

75 x 170, 85 x 185 


sit-up bath 

70 x 105, 70 x 125 


shower 

80 x 80, 90 x 90, 75 x 90 


corner shower 
90 x 90 


wash-basin 
50 x 60, 60 x 70 


two wash-basins 


twin wash-basins 
60 x 120, 60 x 140 


built-in wash-basin 
45 x 30 


toilet 
38 x 70 


<m 


o 

oo 


ED 


Other symbols 


> 5 ^ 






Cloakroom 

TTTTTTT 




~ ut t tT” 

LJ 


(s) 


cupboard 60/1.20 




hooks, 

15-20cm apart 


© linen cupboard 
50 x 100-180 


flower stands 




Kitchen 


= □ 


□□ 


urinal bowl 
35/30 


bidet 
38 x 60 


row of urinals 


single sink 
and drainer 




stepped sinks 


kitchen waste sink 





--i 

^ 60x100 




o 

@ 70? 1.30 x 78 

80 x 1.50 x 78 

iiiii 

□ 

□ 

twin sinks, 

(4Q single drainer 

1 60 x 150 


X 





-vivd 




SYMBOLS 

cupboard/ 
base unit 

top cupboard 

ironing board 

cooker 


dishwasher 


refrigerator 


freezer 


cookers/hobs fuelled 
by solid fuels 


cookers/hobs fuelled 
by oil 


cookers/hobs fuelled 
by gas 


electric cooker/hob 


central heating 
radiator 


boiler (stainless) 


gas fired boiler 


oil fired boiler 


refuse chute 


laundry chute 


ventilation and 
extraction shaft 


GL= goods lift 
PL = passenger lift 
FL = food lift 
HL = hydraulic lift 
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Windows set in reveals 



1375 

1625 



1375 

1625 

1375 

1625 


ill _ hi: 



: :l •!•!*!• 


£7 

1 

- without 

with 


|||| : 

■ 

: : : : : : 


J - D- 




window niche 


Windows without reveals 



/"T) Window frame set in 
^— 7 internal reveal 


(i) Window frame set in external w indovv sel on njb 

V "—reveal V '~—- 7 


© 


Window frame set in 
opening without reveals 


Doors 




© 


Pivoting door 




(13) Rising butt single-leaf door 




(14) Sliding door 



(15) Double sliding door 









Revolving door, two flaps 


Revolving door, three flaps 


Revolving door, four flaps 



Sliding door with a lifting 
device 


(20) Folding partition 



12STG 

187.5/250 


basement 



ground floor 



first floor 



top floor 


fen Single flight 


of stairs 



187 5/250 


basement 


f± 0 T 000 1 

8 STG 172/290 



ground floor 




n 
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500] 1 

72/290 1 
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top floor 


(22) Double flight of stairs 



23 


Without 

threshold 


(24) Wi « h 
— y threshold 


25 


Threshold both 
sides 


Windows are always drawn with the niche shown on the 
left-hand side but not on the right. 

Revolving doors are often used in place of lobbies to 
give a draught-free entrance. However, they restrict 
through-traffic so the arrangement should allow the door 
flaps to be folded away during peak times. 

Wooden construction is suitable for single flights of 
stairs, whereas double flights generally require stone or 
concrete. 

In every plan view of a storey, the horizontal section 
through the staircase is displayed about V3 of the storey 
height above the floor. The steps are to be numbered 
continuously from ±0.00 upwards and downwards. The 
numbers for the steps that lie below ±0.00 are given the 
prefix - (minus). The numbers start on the first step and 
finish on the landing. The centre-line begins at the start with 
a circle and ends at the exit with an arrow (including for the 
basement). 
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DRAUGHTING GUIDCLINKS 











CONSTRUCTION DRAWINGS: SYMBOLS 


monochrome coloured 

display display 


sealing membrane {damp course) 


light green grass 


vapour barrier 


sepia ground peat 


separating/polystyrene foil 


burnt sienna natural ground 


black/white infilled earth 


red brown brick walling with lime mortar 


- waterproofing membrane with fabric inlay 


waterproofing membrane with metal foil 
inlay 


intermediate layer spot glued 


red brown brick walling with cement mortar 


fully glued layer 


red brown brick walling with lime cement mortar 


red brown J porous brick walling with cement mortar 


applied gravel layer 


red brown hollow pot brick walling with lime cement mortar 


primer coat, paint base 


red brown clinker block wailing with cement mortar 

PPP red brown calcium-silicate brick walling with lime mortar 


red brown alluvial stone walling with lime mortar 


red brown walling of. . . stone with .. . mortar 


waterproof coating (two layers) 
plaster lath/reinforcement 


red brown natural stone walling with cement mortar 


drain mesh (plastic) 




sepia gravel 


static water on ground/slope 


grey/black slag 


zinc yellow sand 


emerging damp, mould, dirt etc. 


ochre floor screed 


white render 



penetrating damp 


violet pre-cast concrete units 


blue green reinforced concrete 

^7777^*7 > rr, / 7 

'//'/t'/////'/''/'// olive green non-reinforced concrete 

TE black steel in a section 


brown wood in section 


blue grey sound insulation layer 


Drawing conventions for waterproofing membranes and other 
^ roof and drainage layers 


general insulation layer 
(and noise barrier) 


insulation material of Rockwool 


insulation material of glass fibre 


insulation material of wood fibre 


black barrier against damp, heat or cold 

and white 


insulation material of peat fibre 


grey old building components 


(T) Symbols and colours in plan views and sections 


magnesite bonded wood wool board 


cement bonded wood wool board 


gypsum building board 




gypsum plasterboard 


(T) Drawing conventions for thermal insulation 
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Man's dimensional relationships 

The oldest known code of dimensional relationships of 
man was found in a burial chamber of the pyramids near 
Memphis and are estimated to date back to roughly 3000 
bc. Certainly since then, scientists and artists have been 
trying hard to refine human proportional relationships. 

We know about the proportional systems of the Empire 
of the Pharaohs, of the time of Ptolemy, the Greeks and the 
Romans, and even the system of Polycletes, which for a 
long time was applied as the standard, the details given by 
Alberti, Leonardo da Vinci, Michelangelo and the people of 
the Middle Ages. In particular, the work of Diirer is known 
throughout the world. In all of these works, the 
calculations for a man's body were based on the lengths of 
heads, faces or feet. These were then subdivided and 
brought into relationship with each other, so that they 
were applicable throughout general life. Even within our 
own lifetimes, feet and ells have been in common use as 
measurements. 

The details worked out by Durer became a common 
standard and were used extensively. He started with the 
height of man and expressed the subdivisions as 
fractions: 


V 2 h = the whole of the top half of the body, from the 
crotch upwards 

1/4 h = leg length from the ankle to the knee and from the 
chin to the navel 
V6 h = length of foot 

Vs h = head length from the hair parting to the bottom of 
the chin, distance between the nipples 
Vioh= face height and width (including the ears), hand 
length to the wrist 

V 12 h = face width at the level of the bottom of the nose, leg 
width (above the ankle) and so on. 

The sub-divisions go up to V 40 h. 

During the last century, A. Zeising, brought greater 
clarity with his investigations of the dimensional 
relationship of man's proportions. He made exact 
measurements and comparisons on the basis of the golden 
section. Unfortunately, this work did not receive the 
attention it deserved until recently, when a significant 
researcher in this field, E. Moessel, endorsed Zeising's work 
by making thorough tests carried out following his 
methods. From 1945 onwards, Le Corbusier used for all his 
projects the sectional relationships in accordance with the 
golden section, which he called 'Le Modulor' -» p. 30. 


15 



—-—875 


M3) Dimensions: work table 



17} Working while standing 


MAN: DIMENSIONS AND SPACE 
REQUIREMENTS 

Body measurements 


In accordance with normal measurements and energy 










SPACE REQUIREMENTS BETWEEN WALLS 

for moving people, add ^10% to widths 
















































































































MAN AND HIS HOUSING 


21°C average temperature 
23% average relative humidity 


about 0.02 m 3 /h oxygen 

40g/h water vapour 


Q Steeping 



0.015 m 3 /h carbon dioxide 


21°C average temperature ' "-'viviv.v . 
20 % average relative humidity XvX 

about 0.015m 3 /h oxygen 

f 

32g/h water vapour 


0.0167 m 3 /h 
carbon dioxide 


© 


Resting 


©-© Production of carbon dioxide and water vapour by humans 



7.4°C average temperature % 

■X*X*:****‘ 81% average relative humidity 


58g/h 
water vapour 


about 0.03 m 3 /h oxygen 



(^) Working 


043m 3 /h carbon dioxide 


15kN/m average 
hourly work output 
on the Ergostat 


The function of housing is to protect man against the weather 
and to provide an environment that maintains his well-being. 
The required inside atmosphere comprises gently moving (i.e. 
not draughty), well oxygenated air, pleasant warmth and air 
humidity and sufficient light. To provide these conditions, 
important factors are the location and orientation of the 
housing in the landscape {-> p. 272) as well as the arrangement 
of spaces in the house and its type of construction. 

The prime requirements for promoting a lasting feeling of 
well-being are an insulated construction, with appropriately 
sized windows placed correctly in relation to the room 
furnishings, sufficient heating and corresponding draught-free 
ventilation. 

The need for air 

Man breathes in oxygen with the air and expels carbon dioxide 
and water vapour when he exhales. These vary in quantity 
depending on the individual's weight, food intake, activity and 
surrounding environment -> (T)-@. 

It has been calculated that on average human beings 
produce 0.020m 3 /h of carbon dioxide and 40g/h of water 
vapour. 

A carbon dioxide content between 1 and 3%o can stimulate 
deeper breathing, so the air in the dwelling should not, as far as 
possible, contain more than 1%o. This means, with a single 
change of air per hour, a requirement for an air space of 32 m 3 per 
adult and 15m 3 for each child. However, because the natural rate 
of air exchange in free-standing buildings, even with closed 
windows, reaches IV 2 to 2 times this amount, 16-24m 3 is 
sufficient (depending on the design) as a normal air space for 
adults and 8-12m 3 for children. Expressed another way, with a 
room height >2.5m, a room floor area of 6.4-9.6m 2 for each adult 
is adequate and 3.2-4.8m 2 for each child. With a greater rate of 
air exchange, (e.g. sleeping with a window open, or ventilation 
via ducting), the volume of space per person for living rooms can 
be reduced to 7.5 m 3 and for bedrooms to 10 m 3 per bed. 

Where air quality is likely to deteriorate because of naked 
lights, vapours and other pollutants (as in hospitals or factories) 
and in enclosed spaces (such as you in an auditorium), rate of 
exchange of air must be artificially boosted in order to provide 
the lacking oxygen and remove the harmful substances. 

Space heating 

The room temperature for humans at rest is at its most pleasant 
between 18° and 20°C, and for work between 15°and 18°C, 
depending on the level of activity. A human being produces 
about 1.5kcai/h per kg of body weight. An adult weighing 70kg 
therefore generates 2520kcal of heat energy per day, although 
the quantity produced varies according to the circumstances. 
For instance it increases with a drop in room temperature just 
as it does with exercise. 

When heating a room, care must be taken to ensure that low 
temperature heat is used to warm the room air on the cold side 
of the room. With surface temperatures above 70-80°C decom¬ 
position can take place, which may irritate the mucous 
membrane, mouth and pharynx and make the air feel too dry. 
Because of this, steam heating and iron stoves, with their high 
surface temperatures, are not suitable for use in blocks of flats. 


Room humidity 

Room air is most pleasant with a relative air 
humidity of 50-60%; it should be maintained 
between limits 40% and 70%. Room air 
which is too moist promotes germs, mould, 
cold bridging, rot and condensation. 

The production of water vapour in human 
beings varies in accordance with the 
prevailing conditions and performs an 
important cooling function. Production 
increases with rising warmth of the room, 
particularly when the temperature goes 
above 37°C (blood temperature). 



tolerable for 
several hours 
(%>} 

tolerable for 
up to 1h 

<%o) 

immediately 

dangerous 

<%o) 

iodine vapour 

0.0005 

0.003 

0.05 

chlorine vapour 

0.001 

0.004 

0.05 

bromine vapour 

0.001 

0.004 

0.05 

hydrochloric acid 

0.01 

0.05 

1.5 

sulphuric acid 

- 

0.05 

0.5 

hydrogen sulphide 

- 

0.2 

0.6 

ammonia 

0.1 

0.3 

3.5 

carbon monoxide 

0.2 

0.5 

2.0 

carbon disulphide 

- 

1.5* 

10 .0* 

carbon dioxide 

10 

80 

300 


*mg per litre 
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Harmful accumulation of industrial gases 


activity 

energy expenditure 
(kJ/h) 

at rest in bed (basal metabolic rate) 

250 

sitting and writing 

475 

dressing, washing, shaving 

885 

walking at 5km/h 

2050 

climbing 15cm stairs 

2590 

running at 8km/h 

3550 

rowing at 33 strokes/m in 

4765 


note that this expenditure in part contributes to heating air in 
a room 
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Human expenditure of energy 



temper¬ 

ature 

<°C) 

water 

content 

<g/m 3 ) 

50 

82.63 

49 

78.86 

48 

75.22 

47 

71.73 

46 

68.36 

45 

65.14 

44 

62.05 

43 

59.09 

42 

56.25 

41 

53.52 

40 

50.91 

39 

48.40 

38 

46.00 

37 

43.71 

36 

41.51 

35 

39.41 

34 

37.40 

33 

35 48 

32 

33.64 

31 

31.89 

30 

30.21 

29 

28.62 

28 

27.09 

27 

25.64 

26 

24.24 

25 

22.93 

24 

21.68 

23 

20.48 

22 

19.33 

21 

18.25 

20 

17.22 

19 

16.25 

18 

15.31 

17 

14.43 

16 

13.59 

15 

12.82 

14 

12.03 

13 

11.32 

12 

10.64 

11 

10.01 

10 

9.39 

9 

8.82 

8 

8.28 


7 

7.76 

i 

{ 6 

7.28 


5 

6.82 


4 

6.39 


3 

5.98 


2 

5.60 

+ 1 

5.23 

0 

4.89 

- 1 

4.55 


2 

4.22 


3 

3.92 


4 

3.64 


5 

3.37 


i 6 

3.13 

1 

' 7 

2.90 

8 

2.69 

9 

2.49 

10 

2.31 

11 

2.14 

12 

1.98 

13 

1.83 

14 

1.70 

15 

1.58 

16 

1.46 

17 

1.35 

18 

1.25 

19 

1.15 

20 

1.05 

21 

0.95 

22 

0.86 

23 

0.78 

24 

0.71 

25 

0.64 


maximum water 
content of one 
cubic metre of 
air (g) 
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MEASVRBM1RIT BASIS 













ROOM CLIMATE 



physical conditions 

air movement (draughts) 
relative humidity 
ambient surface temperature 
air temperature 
atmospheric charge 
air composition and pressure 
room occupancy 
optical/acoustic influences 
clothing 

physiological conditions 

sex 

age 

ethnic influences 
food intake 
level of activity 

adaptation and acclimatisation 
natural body rhythms 
state of health 
psycho-sociological factors 


© 


Factors that affect 
thermal comfort 



TO 

§ 



® 


Heated walls 




room air temperature t a 


room air temperature t a {°C) 


© 


Field of comfort 


© 


Field of comfort 


© 





room air temperature t a TC) room air temperature t., (°C) 

(T) Field of comfort (^T) Field of comfort 


water content of the air 
(g/kcj) 

suitability for breathing 

sensation 

0 to 5 

very good 

light, fresh 

5 to 8 

good 

normal 

8 to 10 

satisfactory 

still bearable 

10 to 25 

increasingly bad 

heavy, muggy 

over 25 

becoming dangerous 

very humid 

41 

water content of the air breathed out 37 J C (100%) 

over 41 

water condenses in pulmonary alveoli 


In the same way as the earth has a climate, the insides of buildings also 
have a climate, with measurable values for air pressure, humidity, 
temperature, velocity of air circulation and 'internal sunshine' in the form 
of radiated heat. Efficient control of these factors leads to optimum room 
comfort and contributes to man's overall health and ability to perform 
whatever tasks he is engaged in. Thermal comfort is experienced when 
the thermal processes within the body are in balance (i.e. when the body 
manages its thermal regulation with the minimum of effort and the heat 
dissipated from the body corresponds with the equilibrium loss of heat 
to the surrounding area). 

Temperature regulation and heat loss from the body 

The human body can raise or lower the rate at which it loses heat using 
several mechanisms: increasing blood circulation in the skin, 
increasing the blood circulation speed, vascular dilation and secreting 
sweat. When cold, the body uses muscular shivering to generate 
additional heat. 

Heat is lost from the body in three main ways: conduction, 
convection and radiation. Conduction is the process of heat transfer from 
one surface to another surface when they are in contact {e.g. feet in 
contact with the floor). The rate of heat transfer depends on the surface 
area in contact, the temperature differential and the thermal 
conductivities of the materials involved. Copper, for example, has a high 
thermal conductivity while that of air is low, making it a porous insulating 
material. Convection is the process of body heat being lost as the skin 
warms the surrounding air. This process is governed by the velocity of 
the circulating air in the room and the temperature differential between 
the clothed and unclothed areas of the body. Air circulation is also driven 
by convection: air warms itself by contact with hot objects (e.g. 
radiators), rises, cools off on the ceiling and sinks again. As it circulates 
the air carries dust and floating particles with it. The quicker the heating 
medium flows {e.g. water in a radiator), the quicker is the development 
of circulation. All objects, including the human body, emit heat radiation 
in accordance to temperature difference between the body surface and 
that of the ambient area. It is proportional to the power of 4 of the body's 
absolute temperature and therefore 16 times as high if the temperature 
doubles. The wavelength of the radiation also changes with temperature: 
the higher the surface temperature, the shorter the wavelength. Above 
500°C, heat becomes visible as light. The radiation below this limit is 
called infra-red/heat radiation. It radiates in all directions, penetrates the 
air without heating it, and is absorbed by {or reflected off) other solid 
bodies. In absorbing the radiation, these solid bodies {including human 
bodies) are warmed. This radiant heat absorption by the body {e.g. from 
tile stoves) is the most pleasant sensation for humans for physiological 
reasons and also the most healthy. 

Other heat exchange mechanisms used by the human body are 
evaporation of moisture from the sweat glands and breathing. The 
body surface and vapour pressure differential between the skin and 
surrounding areas are key factors here. 

Recommendations for internal climate 

An air temperature of 20-24°C is comfortable both in summer and in 
winter. The surrounding surface areas should not differ by more than 
2-3°C from the air temperature. A change in the air temperature can be 
compensated for by changing the surface temperature (e.g. with 
decreasing air temperature, increase the surface temperature). If there 
is too great a difference between the air and surface temperatures, 
excessive movement of air takes place. The main critical surfaces are 
those of the windows. 

For comfort, heat conduction to the floor via the feet must be avoided 
(i.e. the floor temperature should be 17°C or more). The surface 
temperature of the ceiling depends upon the height of the room. The 
temperature sensed by humans is somewhere near the average between 
room air temperature and that of surrounding surfaces. 

It is important to control air movement and humidity as far as 
possible. The movement can be sensed as draughts and this has the 
effect of local cooling of the body. A relative air humidity of 40-50% is 
comfortable. With a lower humidity {e.g. 30%) dust particles are liable 
to fly around. 

To maintain the quality of the air, controlled ventilation is ideal. The 
C0 2 content of the air must be replaced by oxygen. A C0 2 content of 
0.10% by volume should not be exceeded, and therefore in living 
rooms and bedrooms provide for two to three air changes per hour. 
The fresh air requirement of humans comes to about 32.0m 3 /h so the 
air change in living rooms should be 0.4-0.8 times the room volume 
per person/h. 


absolute water 
content (g/kg) 

relative 
humidity (%) 

temperature 

ra 

description 

2 

50 

0 

fine winter's day, healthy 
climate for lungs 

5 

100 

4 

fine autumnal day 

5 

40 

18 

very good room climate 

8 

50 

21 

good room climate 

10 

70 

20 

room climate too humid 

28 

100 

30 

tropical rain forest 


(9) Humidity values for air we breathe 


Comparative relative humidity values 
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2.00 


south 

© Global net, magnetically 
ordered, with pathogenic 
intersection points 




speedy recovery 



0 


towards north 

H II I'M M 

earth's magnetic field 

Experimental model showing 
how quadrant lines of force 
split/multiply to vertical 
lines at surfaces 



® 


Left bed on an intersection 
point; right bed is crossed by 
edge zone; the hatched edge 
strips are not deleterious 



© Left bed is particularly at risk 
- crossed by net intersection 
and a watercourse, which 
intensifies the bad effects 


0 


Disturbance-free zone be¬ 
tween net strips 1.80 2.30m 
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Global net at centres of 
4 5 m, with dashed 
half-distance lines 2 2.5r 
centres > (f) 



Electrical field lines from 
an underground watercourse 
bundle to cause the 
pathogenic zones 


MV 

15.0 

MV 


1 


10.0 

MV —7 



. j difference in eleetriciil 

. | 1/ potential 


0 M 5 50 15 20 25 30 35 40 

I , i IiiiiiiilUiillliJiLliuI l 1 I _I_ I divmi © rod reactlon 

land surface 

r; . • . j rrymrr. - ’ '■ 7 


water impermeable layer 
underground watercourse 

7 c© Measured differences in electrical potential and divining rod 
reactions above an underground watercourse 


For over a decade, medical doctors such as Dr Palm and Dr 
Hartmann at the Research Forum for Geobiology, Eberbach- 
Woldbrunn-Waldkatzenbach, among others, have been 
researching the effects that the environment has on people: in 
particular the effects of the ground, buildings, rooms, building 
materials and installations. 

Geological effects 

Stretched across the whole of the earth is a so-called 'global net' 
> (T) consisting of stationary waves, thought to be induced by the 
sun. However, its regularity, according to Hartmann, is such that it 
suggests an earthly radiation which emanates from inside the 
earth and is effected by crystalline structures in the earth’s crust, 
which orders it in such a network. The network is orientated 
magnetically, in strips of about 200mm width, from the magnetic 
north to south poles. In the central European area these appear at 
a spacing of about 2.50m. At right angles to these are other strips 
running in an east/west direction at a spacing of about 2 m * 

These strips have been revealed, through experience, to 
have psychologically detrimental effects, particularly when one 
is repeatedly at rest over a point of intersection for long periods 
{e.g. when in bed) > (2). In addition to this, rooms which 
correspond to the right angles of the net do not display the 
same pathogenic influences. 

These intersection points only become really pathogenic 
when they coincide with geological disturbances, such as faults 
or joints in the ground, or watercourses. The latter, in particular, 
are the most influential * (3). Hence, there is a cumulative effect 
involved so the best situation is to make use of the undisturbed 
zone or area of 1.80x2.30m between the global strips > ^4\ 
According to Hartmann, the most effective action is to move the 
bed out of the disturbance area, particularly away from the 
intersection points * (5). 

According to Palm, the apparent global net of about 
2x2.50m is made up of half-distance lines. The actual network 
would be, as a result, a global net with strips at 4-5m and 5-6m 
centres, running dead straight in the east/west direction all 
round the earth. Every 7th one of these net strips is reported to 
be of a so-called 2nd order and have an influence many times 
greater than the others. Also based on sevenths, an even 
stronger disturbance zone has been identified as a so-called 3rd 
order. This is at a spacing of about 250 and 300 m respectively. 
The intersection points here are also felt particularly strongly. 

Also according to Palm, in Europe there are deviations from 
the above norm of up to 15% from the north/south and the 
east/west directions. Americans have observed such strips with 
the aid of very sensitive cameras from aeroplanes flying at a 
height of several thousand meters. In addition to this, the 
diagonals also form their own global net, running north-east to 
south-west and from north-west to south-east > (6). This, too, 
has its own pattern of strong sevenths, which are about one 
quarter as strong again in their effect. 

It is stated that locating of the global strips depends on the 
reliability of the compass, and that modern building construction 
can influence the needle of the compass. Thus variations of 1-2° 
already result in faulty location and this is significant because the 
edges of the strips are particularly pathogenic. Careful detection 
of all the relationships requires much time and experience, and 
often needs several investigations to cross-check the results. The 
disturbance zones are located with divining rods or radio 
equipment. Just as the radiation pattern is broken vertically at the 
intersection between ground and air (i.e. at the earth's surface), 
Endros has demonstrated with models that these breaks are also 
detectable on the solid floors of multistorey buildings . (f). He 
has shown a clear illustration of these breaks caused by an 
underground stream * (8) and measured the strength of the 
disturbances above a watercourse * (9). 

The main detrimental effect of such pathogenic zones is that 
of 'devitalisation': for example, tiredness, disturbances of the 
heart, kidneys, circulation, breathing, stomach and metabolism, 
and could extend as far as serious chronic diseases such as 
cancer. In most cases, moving the bed to a disturbance-free zone 
gives relief within a short space of time > (5). The effect of so- 
called neutralising apparatus is debatable, many of them having 
been discovered to be a source of disturbance. Disturbance does 
not occur, it seems, in rooms proportioned to the golden section 
(e.g. height 3m, width 4m, length 5m) and round houses or 
hexagonal plans (honeycomb) are also praised. 
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Arrangement of atoms: 
metal in solid phase 
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Arrangement of atoms: 
metal in gaseous phase 
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Arrangement of atoms: 
metal in liquid phase 


water vapour 
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Water vapour moves from 
warm interior of a building, 
hindered by outer wall, to 
cooler outside air; air 
molecules move inside in 


exchange 



O = oxygen 


© 


Radiation from the ground 
passes unhindered through 
concrete floors 


Atomic structure of calcite 



0 t 2 3m 
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Asphalt sheeting diverts the southerly inclined radiation 
away but emanations at the beginning of the next room are 
concentrated, resulting in increased potential harm 
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Cork granules or tongue and grooved cork sheets >25-30 mm 
thick (not compressed and sealed; bitumen coated) absorb 
the harmful radiation 


Physicists recognise that matter exists in three 'phases', depending on 
its temperature and external pressure: (a) solid, (b) liquid and (c) 
gaseous. For example, with water, when under 0°C it exists as a solid 
(a), namely ice; at normal temperature = (b) = water; when over 100° 
= (c) = steam. Other materials change phase at different temperatures. 

The atoms or molecules that make up the material are in constant 
motion. In solid metals, for example, the atoms vibrate around fixed 
points in a crystalline structure ©. When heated, the movement 
becomes increasingly agitated until the melting point is reached. At this 
temperature, the bonds holding specific atoms together are broken 
down and metal liquefaction occurs, enabling the atoms to move more 
freely (2). Further heating causes more excitation of the atoms until the 
boiling point is reached. Here, the motion is so energetic that the atoms 
can escape all inter-atom forces of attraction and disperse to form the 
gaseous state -» ®. On the reverse side, all atomic or molecular 
movement stops completely at absolute zero, 0 kelvin (OK = -273.15°)C). 

These transitions in metals are, however, not typical of all 
materials. The atomic or molecular arrangement of each material 
gives it its own properties and dictates how it reacts to and affects its 
surroundings. In the case of glass, for example, although it is 
apparently solid at room temperature, it does not have a crystalline 
structure, the atoms being in a random, amorphous state. It is, 
therefore, technically, a supercooled liquid. The density of vapour 
molecules in air depends on the temperature, so the water molecules 
diffuse to the cooler side (where the density is lower). To replace 
them, air molecules diffuse to the inside, both movements being 
hindered by the diffusion resistance of the wall construction » @. 

Many years of research on building materials by Schroder-Speck 
suggests that organic materials absorb or break up radiation of mineral 
origin. For instance, asphalt matting, with 100mm strip edge overlaps 
all round, placed on concrete floors diverted the previously penetrating 
radiation. The adjacent room, however, received bundled diverted 
rays. © - ®. In an alternative experiment, a granulated cork floor 
showed a capacity to absorb the radiation. Cork sheets 25-30 mm thick 
(not compressed and sealed), tongued and grooved all round are also 
suitable (§). 

Clay is regarded as a 'healthy earth' and bricks and roofing tiles 
fired at about 950°C give the optimum living conditions. For 
bricklaying, sulphur-free white lime is recommended, produced by 
slaking burnt lime in a slaking pit and where fatty lime is produced 
through maturation. Hydraulic lime should, however, be used in 
walls subject to damp. Lime has well known antiseptic qualities and 
is commonly used as a lime wash in stables and cow sheds. 

Plaster is considered best when it is fired as far below 200°C as 
possible, preferably with a constant humidity similar to animal 
textiles (leather, silk etc.). Sandstone as a natural lime-sandstone is 
acceptable but should not be used for complete walls. 

Timber is light and warm and is the most vital of building 
materials. Timber preservation treatments should be derived from 
the distillation of wood itself (e.g. as wood vinegar, wood oil or 
wood tar). Timber reacts well to odours and it is therefore 
recommended that genuine timber be used for interior cladding, if 
necessary as plywood using natural glues. Ideally, the 'old rules' 
should be followed: timber felled only in winter, during the waning 
moon, then watered for one year in a clay pit before it is sawn. 
However, this is very expensive. 

For insulation, natural building materials such as cork granules 
and cork sheets (including those with bitumen coating) are 
recommended, as well as all plant-based matting (e.g. sea grass, 
coconut fibre etc.), together with expanded clay and diatomaceous 
earth (fossil meal). Plastics, mineral fibres, mineral wool, glass fibre, 
aerated concrete, foamed concrete and corrugated aluminium foil 
are not considered to be satisfactory. 

Normal glass for glazing or crystal glass counts as neutral. Better 
still is quartz glass (or bio-glass), which transmits 70-80% of the 
ultra-violet light. Doubts exist about coloured glass. Glazing units 
with glass welded edges are preferable to those with metal or plastic 
sealed edges. One is sceptical about coloured glass. 

Metal is rejected by Palm for exterior walls, as well as for use on 
large areas. This includes copper for roofs on dwellings (but not on 
churches). Generally the advice is to avoid the extensive use of metal. 
Copper is tolerated the best. Iron is rejected (radiators, allegedly, cause 
disturbance in a radius of 4m). Zinc is also tolerated, as is lead. Bronze, 
too, is acceptable (>75% copper) and aluminium is regarded as having 
a future. Asbestos should not be used. With painting it is recommended 
that a careful study is made of the contents and method of manufacture 
of the paint in order to prevent the introduction of damaging radiation. 
Plastics are generally regarded as having no harmful side effects. 
Concrete, particularly reinforced concrete, is rejected in slabs and 
arches but is, however, permitted in foundations and cellars. 
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BUILDING BIOLOGY 



best preserved if the plug is 
pulled out (according to 
Hartmann) 


to the other side of the room 
(according to Hartmann) 



t t t 


t t t t t 


i t 


© Electrical equipment creates areas of disturbance, made stronger 
by concrete floors: radiation >2.9SU produced no problem; 
>3SU, more colds, rheumatism, bladder disorders etc.; >6SU, 
powerful disturbances, with effects dependent on constitution 


Mean annual concentration 
of convertible negative and 
positive ions on days with 
moderate rainfall in the centre 
of Philadelphia depending on 
the time of day (according 
p to R. Endros) 



1-6 transformer station and 
distribution cables 
9 10 double beds 

11 child's bed 

12 small child's bed 

13 small child’s bed before 
the illness 

14 north -south axis of the 
disturbance area 


© Disturbance area around a transformer station, with harmful 
effects on people in beds 9 to 12 (according to K.E. Lotz) 


A differentiation should be made between concrete with clinker 
aggregate and man-made plaster (which have extremely high 
radiation values) and 'natural' cement and plaster. Lightweight 
concrete with expanded clay aggregate is tolerable. 

All pipes for water (cold or hot), sewage or gas radiate to 
their surroundings and can influence the organs of living 
creatures as well as plants. Therefore, rooms that are occupied 
by humans and animals for long periods of time (e.g. bedrooms 
and living rooms) should be as far away as possible from 
pipework. Consequently, it is recommended that all 
installations are concentrated in the centre of the dwelling, in 
the kitchen or bathroom, or collected together in a service wall 
<-> P- 277 ©). 

There is a similar problem with electrical wiring carrying 
alternating current. Even if current does not flow, electrical 
fields with pathogenic effects are formed, and when current is 
being drawn, the electromagnetic fields created are reputed to 
be even more harmful. Dr Hartmann found an immediate cure 
in one case of disturbed well-being by getting the patient to pull 
out the plug and therefore eliminate the current in the flex 
which went around the head of his bed -> ®. In another case 
similar symptoms were cured by moving a cable running 
between an electric heater and the thermostat from behind the 
head of the double bed to the other side of the room » (2)- 
Loose cables are particularly troublesome, as they produce a 
50Hz alternating field syndrome. In addition, electrical 
equipment, such as heaters, washing machines, dish washer, 
boilers and, particularly, microwave ovens with defective seals, 
situated next to or beneath bedrooms send out pathogenic 
radiation through the walls and floors, so that the inhabitants 
are often in an area of several influences -> (3). Radiation can 
largely be avoided in new buildings by using wiring with 
appropriate insulating sheathing. In existing structures the only 
solution is to re-lay the cables or switch off the current at the 
meter. For this purpose it is now possible to obtain automatic 
shut-off switches when no current is being consumed. In this 
case, a separate circuit is required for appliances that run 
constantly (e.g. freezers, refrigerators, boilers etc.). 

Additionally, harmful radiation covers large areas around 
transformer stations (Schroder-Speck measured radiation from 
a 10-20000V station as far away as 30-50m to the north and 
120-150m to the south), electric railways and high-voltage 
power lines. Even the power earthing of many closely spaced 
houses can give rise to pathogenic effects. 

The human metabolism is influenced by ions (electrically 
charged particles). A person in the open air is subjected to an 
electrical voltage of about 180V, although under very slight 
current due to the lack of a charge carrier. There can be up to 
several thousand ions in one cubic metre of air, depending on 
geographical location and local conditions -> @. They vary in 
size and it is the medium and small ions that have a biological 
effect. A strong electrical force field is produced between the 
mostly negatively charged surface of the earth and the 
positively charged air and this affects the body. The research of 
Tschishewskij in the 1920s revealed the beneficial influence of 
negative ions on animals and humans, and showed a 
progressive reduction in the electrical potential of humans with 
increasing age. In addition, the more negative ions there are in 
the air, the slower the rate at which humans age. Research in 
the last 50 years has also confirmed the beneficial effects of 
negative ions in the treatment of high blood pressure, asthma, 
circulation problems and rheumatism. The positive ions are 
predominant in closed rooms, particularly if they are dusty, 
rooms; but only negatively charged oxygenated air is 
biologically valuable. There is a large choice of devices which 
can be placed in work and utility rooms to artificially produce 
the negative ions (i.e. which produce the desirable steady field). 
Such steady fields (continuous current fields) change the 
polarisation of undesirably charged ions to create improved 
room air conditions. The devices are available in the form of 
ceiling electrodes and table or floor mounted units. 

(SU is a measurement value; derived from Suhr, the home 
town of Schroder-Speck) 
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THE EYE: PERCEPTION 



from a 
distance 
the black 
circle 
looks 

about 30% 
smaller 
than the 
white 
circle 



II 




Black areas and objects 
7 appear smaller than those 
of the same size which are 
white: the same applies to 
parts of buildings 


O 

° 0 ° 
o w o 

o / 


To make black and white 
areas look equal in size, 
the latter must be drawn 
smaller 


© These vertical rules are 

actually parallel but appear 
to converge because of 
the oblique hatching 



Lengths a and b are equal, 
as are A-F and F-D, but 
arrowheads and dissimilar 
surrounds make them 
appear different 


i 






© Although both are equal 
in diameter, circle A looks 
larger when surrounded by 
circles that have a 
smaller relative size 


© Two identical people seem 
different in height if the 
rules of perspective are 
not observed 


The colour and pattern of clothing can change people's appearance: 
(a) thinner in black {black absorbs light); (b) more portly in white 
(white spreads light); (c) taller in vertical stripes; (d) broader in 
horizontal stripes; (e) taller and broader in checked patterns 






with different divisions, identical rooms can appear to differ in size and form 


Dynamic effect 


(9) Static effect 


(lO) Vertical dimensions appear disproportionately more impressive 
to eye than horizontal ones of the same size 



00 □□□□□□ □ □ □ □ 
□0 00 DO 00 □ □ □ □ 
□0 □□ □□ □□ □ □ □ □ 



(Tl)-(T4) Perception of scale is changed by the ratio of the window area to the remaining area of wall as well as by architectural 
w w art.culat.on (,.e. vertical, horizontal or mixed - ®); glazing bars can contribute substantially^ this arch.tectural 






numbers given in 
modules (units) 



8 ‘ ’ 5 ° 


The positioning of windows, doors and furnishings 
V- 7 can give a room different spatial appearances: © long 

and narrow; © seems shorter with the bed across the 
room, or the table below the window; © with windows 
opposite the door and appropriate furniture, the room 
seems more wide than deep 


A structure can appear 
taller if viewed from above; 
there is a greater feeling of 
certainty when looking up 


The walls slanting suitably 
inward seem vertical; steps, 
cornices and friezes when 
bowed correctly upwards 
look horizontal 
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THE EYE: PERCEPTION 

Interpretation 



© 


The human field of vision 
(head still, moving the eyes 
only) is 54° horizontally, 

27° upwards and 10° 
downwards 


© 


The field of view of the 
normal fixed eye takes in a 
perimeter of 1° (approx, the 
area of a thumbnail of an 
outstretched hand) 



■ 2.50 

> 


height necessary for 
same effect at a 
distance of 8.50 m 


viewing distance E = object size -r tan 0°1' 
object size = E x tan 0°1' = 0.000291 E 


© 


The eye can resolve detail within a perimeter of only 0°1' (the 
field of reading), thus limiting the distances at which objects 
and shapes can be distinguished accurately —> (6) 


w = 1 part 

> ^ 

h = 5 parts 

only applicable with 
good illumination; 
otherwise 1V 2 to 
twice the size 



w > E x tan 0 U 1' = E 3450 
E <■ 3450 x w 



© 


To be readable at a distance 
of, say, 700 m the width w 
of the letters must be: 
>700x0.000291 = 0.204; 
height h is usually 5w: 
5x0.204 = 1.020 m 


© 


As in the previous examples, 
the size of structural parts 
which are differentiable 
can be calculated using the 
viewing distance and 
trigonometry 



)• 1 h ——i 

finer details 


T 

1 


I- 2 h -1 

general appearance 

- 3h -1 

total overview of surrounding area 


individual 
features can 
present larger 
surfaces to the 
eye with a 
little shaping 



torus at the foot 
of a pillar of the 
Erechtheion 


The activity of the eye is divided into seeing and observing. 
Seeing first of all serves our physical safety but observing 
takes over where seeing finishes; it leads to enjoyment of 
the 'pictures' registered through seeing. One can 
differentiate between a still and a scanned picture by the 
way that the eye stays on an object or scans along it. The 
still picture is displayed in a segment of the area of a circle, 
whose diameter is the same as the distance of the eye from 
the object. Inside this field of view the objects appear to the 
eye 'at a glance' -> ®. The ideal still picture is displayed in 
balance. Balance is the first characteristic of architectural 
beauty. (Physiologists are working on a theory of the sixth 
sense - the sense of balance or static sense - that underpins 
the sense of beauty we feel with regard to symmetrical, 
harmonious things and proportions <-> pp. 27-30) or when 
we are faced with elements that are in balance.) 

Outside this framework, the eye receives its impressions 
by scanning the picture. The scanning eye works forward 
along the obstacles of resistance which it meets as it directs 
itself away from us in width or depth. Obstacles of the same 
or recurring distances are detected by the eye as a 'beat' or 
a 'rhythm', which has the same appeal as the sounds 
received by the ear from music. 'Architecture is Frozen 
Music. This effect occurs even when regarding a still or 
scanned picture of an enclosed area > ® and ©. 

A room whose top demarcation (the ceiling) we 
recognise in the still picture gives a feeling of security, but 
on the other hand in long rooms it gives a feeling of 
depression. With a high ceiling, which the eye can only 
recognise at first by scanning, the room appears free and 
sublime, provided that the distance between the walls, and 
hence the general proportions, are in harmony. Designers 
must be careful with this because the eye is susceptible to 
optical illusions. It estimates the extent of width more 
exactly than depths or heights, the latter always appearing 
larger. Thus a tower seems much higher when seen from 
above rather than from below -» p. 24 © and @. Vertical 
edges have the effect of overhanging at the top and 
horizontal ones of curving up in the middle -> p. 24 ® - ®, 
@. When taking these things into account, the designer 
should not resort to the other extreme (Baroque) and, for 
example, reinforce the effect of perspective by inclined 
windows and cornices (St Peter's in Rome) or even by 
cornices and vaulting painted in perspective and the like. 
The decisive factor for the measurement of size is the size 
of the field of view -> (3) and, if applicable, the field of vision 
-» ® and, for the exact differentiation of details, the size of 
the field of reading > (5) and ©. The distance of the latter 
determines the size of the details to be differentiated. 

The Greeks complied exactly with this rule. The size of 
the smallest moulding under the cornice of the individual 
temples of varying height is so dimensioned that, at an 
angular distance of 27° » (7), it complies with the reading 
field of 0°1\ From this also results the reading distances for 
books (which varies with the size of the letters) and the 
seating plans for auditoriums etc. 



© 


Street widths play an 
important role in the level 
of detail which is perceived 
from ground level 


© 


Parts of buildings meant 
to be seen but sited above 
projections must be placed 
sufficiently high up (see a) 
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MAN AND COLOUR 



basic colours (from which all 
colours can be mixed); green- 
orange-violet triangle shows 
colour mixtures of the first 
rank 


red 



® 


Light and heavy colours 
(not the same as bright 
and dark colours -> (2)): 
create a 'heavy' feeling 




The colour circle's twelve 
segments 




Dark colours make a room 
J heavy: rooms seem to be 
lower, if ceilings are heavily 
coloured 



® 


7 ^ Long rooms seem shorter 
if end cross walls stand 
out heavily 


TgA Bright colours give a lift: 
rooms seem higher with 
emphasis on walls and 
light ceilings 



® 


White as a dominant colour, 
e.g. in laboratories, factories 
etc. 


Brightness of surfaces 


Colours have a power over humans. They can create 
feelings of well-being, unease, activity or passivity, for 
instance. Colouring in factories, offices or schools can 
enhance or reduce performance; in hospitals it can have a 
positive influence on patients' health. This influence works 
indirectly through making rooms appear wider or narrower, 
thereby giving an impression of space, which promotes a 
feeling of restriction or freedom » (5) - ®. It also works 
directly through the physical reactions or impulses evoked 
by the individual colours -> (2) and (3). The strongest impulse 
effect comes from orange; then follow yellow, red, green, 
and purple. The weakest impulse effect comes from blue, 
greeny blue and violet (i.e. cold and passive colours). 

Strong impulse colours are suitable only for small areas 
in a room. Conversely, low impulse colours can be used for 
large areas. Warm colours have an active and stimulating 
effect, which in certain circumstances can be exciting. Cold 
colours have a passive effect - calming and spiritual. Green 
causes nervous tension. The effects produced by colour 
also depend on brightness and location. 

Warm and bright colours viewed overhead have a 
spiritually stimulating effect; viewed from the side, a 
warming, drawing closer effect; and, seen below, a 
lightening, elevating effect. 

Warm and dark colours viewed above are enclosing or 
dignified; seen from the side, embracing; and, seen below, 
suggest safe to grip and to tread on. 

Cold and bright colours above brighten things up and 
are relaxing; from the side they seem to lead away; and, 
seen below, look smooth and stimulating for walking on. 

Cold and dark colours are threatening when above; cold 
and sad from the side; and burdensome, dragging down, 
when below. 

White is the colour of total purity, cleanliness and order. 
White plays a leading role in the colour design of rooms, 
breaking up and neutralising other groups of colours, and 
thereby create an invigorating brightness. As the colour of 
order, white is used as the characteristic surface for 
warehouses and storage places, for road lines and traffic 
markings (8). 



® 


Dark elements in front of 
a bright wall give a 
powerful effect 


Aq\ Bright elements in front of 
a dark background seem 
lighter, particularly when 
over-dimensioned 


Values between theoretical white (100%) and absolute black (0%) 


white paper 

84 

light brown 

approx. 25 

chalky white 

80 

pure beige 

approx. 25 

citron yellow 

70 

mid brown 

approx. 15 

ivory 

approx. 70 

salmon pink 

approx. 40 

cream 

approx. 70 

full scarlet 

16 

gold yellow, pure 

s 60 

carmine 

10 

straw yellow 

60 

deep violet 

approx. 5 

light ochre 

approx. 60 

light blue 

40-50 

pure chrome yellow 50 

deep sky blue 

30 

pure orange 

25-30 

turquoise blue, 

pure 15 


grass green 

approx. 20 

asphalt, dry 

approx. 20 

lime green, pastel 

approx. 50 

asphalt, wet 

approx. 5 

stiver grey 

approx. 35 

oak, dark 

approx. 18 

grey lime plaster approx. 42 

oak, light 

approx. 33 

dry concrete, grey approx. 32 

walnut 

approx. 18 

plywood 

approx. 38 

light spruce 

approx. 50 

yellow brick 

approx. 32 

aluminium foil 

83 

red brick 

approx. 18 

galvanised iron sheet 16 


dark clinker approx. 10 

mid stone colour 35 
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DIMENSIONAL RELATIONSHIPS 

Basis 


octave 1/2 third 4/5 






Pythagoras's rectangle includes 
all interval proportions and 
excludes the disharmonious 
second and seventh 


© 


Pythagoras's triangle 


a 

a 

b 

c 

P 

m 

X 

y 

36°87’ 

3 

4 

5 

53°13’ 

1 

1 

2 

22*62’ 

5 

12 

13 

67°38’ 

1 

2 

3 

16°26’ 

7 

24 

25 

73°74’ 

1 

3 

4 

28°07’ 

8 

15 

17 

61°93’ 

0.5 

3 

5 

12°68’ 

9 

40 

41 

77°32’ 

1 

4 

5 

18°92’ 

12 

35 

r-~ 

CO 

71 °08’ 

0.5 

5 

7 

43°60’ 

20 

21 

29 

46°40’ 

0.5 

3 

7 

31°89’ 

28 

45 

53 

58°11 ’ 

0.5 

5 

9 
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Some numerical relationships 
from Pythagoras's equations 



© 


Equilateral triangle, hexagon 



There have been agreements on the dimensioning of 
buildings since early times. Essential specific data 
originated in the time of Pythagoras. He started from the 
basis that the numerical proportions found in acoustics 
must also be optically harmonious. From this, Pythagoras 
developed his right-angled triangle --> ©. It contains all the 
harmonious interval proportions, but excludes both the 
disharmonious intervals (i.e. the second and seventh). 

Space measurements are supposed to have been 
derived from these numerical proportions. Pythagoras or 
diophantine equations resulted in groups of numerals * (2) 
- @ that should be used for the width, height and length of 
rooms. These groups can be calculated using the formula 
a 2 + b 2 = c 2 . 

a 2 + b 2 = c 2 
a = m(y 2 - x 2 ) 
b - m • 2 • x • y 
c = m(y 2 + x 2 ) 

in this x and y are alt whole numbers, x is smaller than y, 
and m is the magnification or reduction factor. 

The geometric shapes named by Plato and Vitruvius are 
also of critical importance (i.e. circle, triangle (5) and square 
■> (6) from which polygonal traverses can be constructed). 
The respective bisection then results in further polygonal 
traverses. Other polygonal traverses (e.g. heptagon * (9), 
nonagon ~> @) can only be formed by approximation or by 
superimposition. So we can construct a fifteen-sided figure 
(8) by superimposing the equilateral triangle on the 
pentagon. 

The pentagon or pentagram has a natural relationship 
with the golden section, just like the decagon which is 
derived from it (Q), @ and -» p. 30. However, in earlier times 
its particular dimensional relationships found hardly any 
application. Polygonal traverses are necessary for the 
design and construction of so-called 'round' structures. The 
determination of the most important measurements (radius 
r, chord c, and height of a triangle h) are shown in -> <@) and 




bisection of the radius - B; 
arc at B with AB A C 
A-C A side of a pentagon 



© 


Pentagon 



(&) Fifteen angle BC = — - — = — 
W 5 3 15 

I-M-1-m-f 
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Decagon and the golden 
section 



straight BC bisects AM at D; 

BD is approx. V7 of the circumference 
of the circle 


(IT) Approximated heptagon 



arc of the circle at A with AB results 

in point D on AC = c,; 

arc of the circle at C with CM results 

in point E on arc of BD = a; 

segment DE approximately corresponds 

with Vs of the circle's circumference A D 


© 


Approximated nonagon 



h = r • cos [5 
| = r ■ sinp 
c = 2 * r • sin[i 
h = j * cotanp 


(13 


Measurement calculation in 
polygonal traverse —» p. 28 


® - 


i) formula 
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DIMENSIONAL RELATIONSHIPS 



> 

Vb V2 

*/4 

'/«VS 


rc/4 triangle 

{according to A. V. Drach) 




© 1:2 rectangle 




© 


Step ladder of square roots 

10 


/© Connection between square 
roots 






© 


©) Non-rectangular co-ordination - /^\ 

MERO space frames: building ^ 

on \2 and \3 > pp. 90-91 


Basis 

A right-angled isosceles (i.e. having two 
equal sides) triangle with a base-to-height 
ratio of 1:2 is the triangle of quadrature. 

An isosceles triangle with a base and 
sides that can be contained by a square was 
successfully used by Knauth, the master of 
cathedral construction, for the determination 
of the dimensional relationships for the 
Strasbourg Cathedral. 

Orach's n /4 triangle ^ © is somewhat 
more pointed than the previous one described, as its height 
is determined by the point of a slewed square. It, too, was 
successfully used for details and components. 

Apart from these figures, the dimensional proportions of 
the octagon can be detected on a whole range of old 
structures. The so-called diagonal triangle serves as a basis 
here. The triangle's height is the diagonal of the square built 
on half the base (2) - 

The sides of the rectangle depicted in ( 5 ) have a ratio of 
1:V2. In accordance with this, all halvings or doublings of 
the rectangle have the same ratio of 1: M2. The 'step ladders' 
within an octagon make available the geometric ranges in 
(2) - The steps of square roots from 1-7 are shown in (§). 
The connection between square roots of whole numbers is 
shown in ®. 

The process of factoring makes possible the application 
of square roots for building in non-rectangular components. 
By building up approximated values for square figures, 
Mengeringhausen developed the MERO space frames. The 
principle is the so-called 'snail' (8) - The inaccuracies 
of the right angle are compensated for by the screw 
connections of the rods at the joints. A subtly differentiated 
approximated calculation of square roots of whole numbers 
vn for non-rectangular components is available from the 
use of continued fractions (-> p. 30) in the formula 
expressed as G = 


Vn = 1 + 


n - 1 
1 + G 




G = \T 2 = 


1/2-I / 

1 1 + V+ r~i/ 2 -1 

I f 1 + V+ ~ —r 


t 

1 

1 




* 

7 

5 


m. 


17 41 99 239 

12 29 70 169 


lllllll 


VS = 1.4142135 


1_! A' i| 

0.5 2 


0-6 5 1 

( 7 1-4 

0.58333 ... 12 

r ---- 

17 1.41667 . . 

0 56621 . . 29 

41 1.41379 . . . 

0.5857143... 70 

99 1 4142857 

0.5857969 169 

239 1.4142011 . . 

0.5857865 . 

1 ^ 1.4142135 . . . 
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Continued fraction \2 









DIMENSIONAL RELATIONSHIPS 

Application 




Q 


Roman theatre (according to 
Vitruvius) 


© 


Greek theatre (according to 
Vitruvius) 




1 newest 
cavea 

2 oldest 
cavea 

3 orchestra 

4 scenery 
storage 

5 side 
gangway 

6 retaining 
wall 


Dimensional proportions of 
the gable corner of a Doric 
temple on the basis of the 
golden section (according 
to Moessel) 




X 

X 

y/x (\2 = 1.4142...) 

1 

1 

1 

2 

3 

1.5 

5 

7 

1.4 

12 

17 

1.4/66... 

24 

41 

1.4/37... 
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Holy Section, building in 
Antica-Ostia 


© 


Geometrical principle 



© 


Plan view of the whole 
installation 





aw 

3W 
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Japanese treasury building 



Floor mosaic in a house at 
Antica-Ostia 



The application of geometrical and dimensional relationships on 
the basis of the details given earlier was described by Vitruvius. 
According to his investigations, the Roman theatre, for example, 
is built on the triangle turned four times -» © the Greek theatre 
on a square turned three times > (2). Both designs result in a 
dodecagon. This is recognisable on the stairs. Moessel has tried 
to detect the use of proportional relationships in accordance with 
the golden section 4 ( 3 ), although this is not obvious. The only 
Greek theatre whose plan view is based on a pentagon stands in 
Epidaurus -> (4). 

In a housing estate recently uncovered in Antica-Ostia, the old 
harbour of Rome, the golden section is recognised as being the 
design principle. This principle consists of a bisection of the 
diagonal of a square. If the points at which the arc of the circle cuts 
the sides of the square are joined with \ 2 / 2 , a nine-part grid is 
obtained. The square in the middle is called the square of the Holy 
Section. The arc AB has up to a 0.6% deviation and the same 
length as the diagonal CD of the base square. Thus the Holy 
Section shows an approximate method for squaring the circle 4 
(§)- ( 8 ). The whole building complex, from site plan to the general 
arrangement details, is built with these dimensional proportions. 

In his four books on architecture, Palladio gives a 
geometrical key, which is based on the details given by 
Pythagoras. He uses the same space relationships (circle, 
triangle, square, etc.) and harmonies for his structures ( * (9) 
and ®). 

Such laws of proportion can be found formulated in 
absolutely clear rules by the cultures of the ancient peoples of 
the Far East -> ©. The Indians with their 'Manasara', the 
Chinese with their modulation in accordance with the Toukou' 
and, particularly, the Japanese with their 'Kiwariho' method 
have created structural systematics, which guarantee 
traditional development and offer immense economic 
advantages. 

In the 18th century and later, it was not a harmonic but an 
additive arrangement of dimensions which was preferred * 
The Octameter system developed from this. It was only with the 
introduction of the modular ordering system that the 
understanding of harmonic and proportional dimensional 
relationships returned -> @ and ©. Details of the coordination 
system and coordination dimensions are given on pp. 34-5. 
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Octagonal coordination system 
for columns made of squares, 
each subdivided into six 
faqade elements, 48 angles 
developed from a triangle * (13) 


















DIMENSIONAL RELATIONSHIPS 




m ~ 0.382 -1-M = 0.618- 
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representation of the Lamesch Row from Neufert 
'Bauordnungslehre' 

(?) Continued fraction: golden section 
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Proportional figure 


Application of Le Modulor 

The architect Le Corbusier developed a theory of 
proportion, which is based on the golden section and the 
dimensions of the human body. The golden section of a 
segment of a line can be determined either geometrically or 
by formulae. It means that a line segment can be divided so 
that the whole of the line segment can be related to a bigger 
dividing segment, just as the larger is to the smaller 
That is: _ J_ = m ajo r 
major minor 

and shows the connection of proportional relationships 
between the square, the circle and the triangle -> ( 2 ). 

The golden section of a line segment can also be 
determined by a continued fraction 

G = 1 +1 
G 

This is the simplest unending regular continued fraction. Le 
Corbusier marked out three intervals in the human body, 
which form a known golden section series according to 
Fibonacci. These are between the foot, the solar plexus, the 
head, the finger of the raised hand. First of all Le Corbusier 
started out from the known average height for Europeans 
(1.75m ■-> pp. 16-17), which he divided up in accordance 
with the golden section into 108.2 - 66.8 - 41 45 - 25 4cm > 

As this last dimension was almost exactly equal to 10 
inches, he found in this way a connection with the English 
inch, although not for the larger dimensions. For this 
reason, Le Corbusier changed over in 1947 to 6 English feet 
(1.828m) as the height of the body. By golden section 
division he built the red row up and down » (§). As the steps 
in this row are much too big for practical use, he also built 
up a blue row, starting from 2.26m (i.e. the finger tips of the 
raised hand), which gave double the values expressed in 
the red row -»(§). The values of the red and blue rows were 
converted by Le Corbusier into dimensions which were 
practically applicable. 


values expressed in the metric system 


centimetre 


95280.7 
58886.87 
36394.0 
22 492.7 
13901 3 

8591.4 
5309.8 
3281.6 
2028.2 

1253.5 

774.7 

478.8 

295.9 

182.9 
113.0 

69.8 

43.2 
26.7 
16.5 

10.2 

6.3 

2.4 

1.5 
0.9 
0.6 


metre 


952.8 

588.86 

363.94 

224.92 

139.01 

85.91 

53.10 

32.81 

20.28 

12.53 

7.74 

4.79 

2.96 

1.83 

1.13 

0.70 

0.43 

0.27 

0.16 

0.10 

0.06 

0.02 

0.01 


centimetre 


117773.5 

72788.0 

44985.5 

27802.5 
17182.9 

10619.6 

6563.3 

4056.3 
2506.9 

1549.4 

957.6 

591.8 

365.8 
226.0 

139.7 

86.3 

53.4 
33.0 

20.4 

7.8 

4.8 
3.0 

1.8 
1.1 
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1177.73 
727.88 
449.85 
278.02 
171.83 
106.19 
65.63 
40.56 
25.07 
15.49 
9.57 
5.92 
3.66 
2.26 
1.40 
0.86 
0.53 
0.33 
0.20 
0.08 
0.04 
0.03 
0.01 


Explanation of the values and sets of the Le Modulor according 
to Le Corbusier 
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unit A = 108 

double b = 216 

0 increase in length of A = C = 175 
0 reduction in length of B = D = 83 




(^) The limitless values of figures 










BUILDING SUPERVISION 


For any construction project, completed standard description 
forms give the most valuable and clearest information, and are 
ideal for estimating, for the construction supervisor and as a 
permanent reference in the site office. Any time-consuming 
queries based on false information are virtually eliminated; the 
time gained more than compensating the effort involved in 
completing the record book. At the top of the form, there are 
columns for entering relevant room dimensions, in a way easily 
referred to. The inputs are most simply made using key words. 
The column 'size' should be used merely for entry of the 
necessary dimensions of the items, e.g., the height of the 
skirting board or the frieze, the width of the window sill, etc. 
Finally, several spaces are provided for special components. A 
space should be left free under each heading, so that the form 
can easily be extended for special cases. The reverse side of the 
form is best left free so that drawings may be added to 
elaborate on the room description on the next sheet. The A4 
format pages are duplicated, each position containing exactly 
the same text; the sheets are kept up to date and eventually 
bound together. At the conclusion of the building work, the 
record book is the basis for the settlement of claims, using the 
dimensions at the head of the room pages. Later, the record 
book provides an objective record of progress, and is available 
for those with specialist knowledge. 


Standard Numbering System 

Metric units of linear measurement were first defined in France 
in 1790, although official recognition did not take place until 
1840. The metre was established as the new decimal unit of 
length on a scientific basis, defined as the length of a simple 
pendulum having a swing of one second at sea level on latitude 
45°. A standard numbering system was devised in Germany, 
shortly after World War I, to achieve uniformity and 
standardisation in the measurement of machines and technical 
equipment - a system also used in France and the USA. The 
starting point for measurement is the Continental unit of 
measurement: the metre. In the Imperial system (used in the 
UK, USA and elsewhere), 40 inches = 1.016m = 1.00m. 

The requirement of building technology for geometrical 
subdivisions precluded the use of the purely decimal 
subdivision of the metre, so the Standard Numbering System, 
based on the structure of 2s, was introduced into the decimal 
structure: 1, 2, 4, 8, 16, 31.5, 63, 125, 250, 500, 1000 -> ©. (The 
coarser 5-part division and the finer 20- and 40-part division 
series are inserted appropriately with their intermediate 
values.) The geometrical 10-part division of the standard 
number series was formed from the halving series (1000, 500, 
250, 125, ...) and from the doubling series (1, 2, 4, 8, 16, ...). 
Because n = 3.14 and \10 ~ 3.16, the number 32, following 16 in 
the series, was rounded down to 31.5. Similarly, in the halving 
sequence, 62.5 was rounded up to 63. 

Standard numbers offer many advantages in calculations: 

1 the product and quotient of any two standard numbers are 
standard numbers 

2 integer powers of standard numbers are standard numbers, 
and 

3 double (or half) a standard number is a standard number. 

Building measurements 

In contrast to engineering, in building construction, there is little 
requirement for a geometric division as opposed to the 
prevailing arithmetic addition of identical structural components 
(e.g. blocks, beams, joists, girders, columns and windows). 
Routine measurements for standard components must, 
therefore, comply with these requirements. However, they 
should also conform to concepts of technical standardisation 
and the standard numbering system. A standard system of 
measurement for building construction was based on the 
standard numbering system, and this is the basis for many 
further building standards and of measurement for design and 
construction, particularly in building construction above ground. 
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A sheet from the room record book 


BASIC MEASUREMENT 
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Representation of the Standard Number Series (base series 10} 


Standard measurements 

The controlling dimensions are dimensions between key 
reference planes (e.g. floor-to-floor height); they provide not 
only a framework for design but also a basis which components 
and assemblies may refer to -> ( 3 ). 

Standard dimensions are theoretical but, in practice, they 
provide the basis for individual, basic structural and finished 
measurements; thus all building components are linked in an 
organised way (e.g. standard building brick length = 250mm 
(225mm in UK), in situ concrete wall thickness = 250mm.) 
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Horizontal controlling dimension 
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BASIC MEASUREMENTS 
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Standard building dimensions 


Individual (mostly small) dimensions are used for details of 
basic construction/ finishing (e.g., thickness of joints/ plaster, 
dimensions of rebates, wall fixings/tolerances). Basic 
structural measurements relate, for example, to masonry 
(excluding plaster thicknesses), structural floor thicknesses, 
unplastered doors and window openings. Finished 
measurements refer to the finished building (e.g. net 
measurements of surface finished rooms and openings, net 
areas and finished floor levels). For building construction 
without joints, nominal dimensions equal the standard 
dimensions; with joints, the allowance for the joint is 
subtracted: e.g. building brick nominal length = standard 
length (250mm) - thickness of intermediate joint (10mm) = 
240mm; nominal thickness of in-situ concrete walls = 
standard thickness = 250mm. In accordance with the 
standard number and measurement systems, small 
dimensions (<25mm), are chosen (in mm) as: 25, 20, 16,12.5, 
10, 8, 6.3, 5, 3.2, 2.5, 2, 1.6, 1.25, 1. In many European 
countries, even small structural components conform with 
the standard building numbering system, e.g. standardised 
building bricks. A nominal brick dimension of 240x115mm 
reconciles the old non-metric format (250x120mm or 
260x130mm with joints) with the new standard 
(250x125mm with joints). With the appropriate height, with 
joint, of 62.5mm (nominal brick dimension = 52mm), this 
gives an aspect ratio of 250x125x62.5 - 4:2:1. - @ 

Other basic construction component dimensions (e.g. 
concrete blocks p. 63, window and door openings > p. 
176-87 and floor levels) are similarly aligned, so these 
numerical values reoccur. The UK brickwork dimensions 
differ: in the past, large variations in the size of ordinary 
fired clay products often led to critical problems when 
bonding clay bricks; now, BS 3921: 1895 provides one 
standard for dimensioning (-> @): coordinating size 
(225x 112.5x75mm, including 10mm in each direction for 
joints and tolerances), and the relating work size (215 (2 
headers plus 1 joint) x 102.5 x 65mm). 



© Nominal and standard dimensions for continental European wall bricks 


™ 102.5 ^ 102.5^ 102-5^ 102.5^ 102.5™ 102.5™ 102.5™ 102.5™ 102.5™ 


one course of 
stretchers 

one course of 
headers 


- joints 


10 mm: joints 
65 mm: actual 
75 mm: format 

102.5 mm: actual 

112.5 mm: format 
215 mm: actual 
225 mm: format 


© A wall elevation illustrating brick sizes in the UK 



© 


Standard dimensions for 
basic construction (RR) and 
nominal dimensions (NM) 
for brickwork 
For openings: NM = RR + 2 
\ 1 /2 joint = RR + 2.5 mm 
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BASIC MEASUREMENTS 


Japan has the oldest building size regulations where, 
following the great fire in Tokyo in 1657, the style and size 
of houses were laid down on the basis of systematic 
measurement according to the 'Kiwariho method'. The 
basic dimension was the Ken = 6 Japanese feet = 1.818m. 
The distances between the wall axes were measured in half 
or whole Ken, windows doors and even mat sizes were 
determined on this basis, which considerably simplified 
house building in Japan, making it quicker and cheaper. 
Examples BOL. 

In Germany, a similar system was developed in the area 
of half-timbered construction, prior to the introduction of 
the metre. The determining unit was the Prussian foot, 
which was most widely propagated and corresponded to 
the Rhenish and Danish foot. 

The dimension between the axes of uprights was mostly 
1 Gefach - 2 Ellen = 4 feet > (T). The Prussian, Rhenish and 
Danish foot, still in use in building practice in Denmark, is 
translated as 312.5mm, the Elle as 625mm and the Gefach 
as 1.25m, in the metric system. Private construction firms 
had adopted a similar system of 1.25m, for their system 
buildings, particularly for wood panel construction. 

The UK and USA adopted a system of measurement 
based on 4 feet, which is close to 1.25 m, with 4 English feet 
= 1.219m. Building panels (e.g. hardboard) manufactured 
on US machines are therefore 1.25m wide in countries 
using the metric system. German pumice boards for roofs 
also have the standard dimension of 2 x 1.25 = 2.50m, the 
same as plaster boards. Finally, 125 is the preferred number 
in the standard number system. The series of 
measurements resulting from 1.25m was standardised in 
Germany in 1942 with the corresponding roof slopes -»(2). 
In the meantime, thousands of types of structural 
components have been produced to this system of 
measurement. The distance between the axes of beams in 
finished ceilings today is, accordingly, usually 125/2 = 
625mm = the length of the stride of a human adult -* p. 17. 

Unified distances between axes for factory and 
industrial premises and accommodation 

Industrial structures and structures for accommodation are 
mostly subdivided in plan into a series of axes at right 
angles. The line of measurement for these axes is always 
the axis of the structural system of the construction. The 
separations between axes are dimensional components of 
the plan, which determine the position of columns, 
supports, the centres of walls, etc. In the case of rigid 
frames, the centre axes of the bearing points of the 
foundations are decisive. The measurements are always 
referenced to the horizontal plan and vertical projection 
plane, even in the case of sloping roofs. 

In industrial structures, a basic measurement of 2.5m 
applies to the spacing of axes. Multiples of this give axis 
spacing of 5.0, 7.5 and 10.0m, etc. In special cases 



(accommodation or slab structures), a basic measurement 
of 2.50/2 = 1.25m, or a multiple thereof, can be used. This 
results in intermediate dimensions of 1.25, 3.75, 6.25, 
8.75m. However, so far as possible, these sub-dimensions 
should not be used above 10 m. 

Appropriate geometric steps over 10 m are recommended 
as follows: 12.50m, 15.00m, 20.00m, 25.00m, 30.00m, 
40.00m, 50.00m, 60.00m, (62.50m), 80.00m, 100.00m. 

Roof slopes depend on the type of roofing and the sub¬ 
construction employed. The following roof slopes have been 
established to correspond with practical requirements: 

1:20 for boarded roofing on steel and reinforced 
concrete structures and wood cement roofs, with 
the exception of special designs such as shell and 
saw-tooth roofs, etc. 

1:12.5 for boarded roofing on wooden structures 

1:4 for corrugated cement roofing, ridged zinc 
roofing, corrugated sheet roofing, steel roofs on 
lattice work or casings, ribbed steel roofs of 
galvanised, double folded sheet and roofing in 
waterproof paper-based materials for 

accommodation premises 

1:2 for flat roofs, etc. 

The systematic unification of industrial and 

accommodation structures has been a gradual process of 
type development. 

The cited axis spacings influence the individual 
structural components: columns, walls, ceilings, trusses, 
purlins, rafters, roof planking, windows, glazing, doors, 

gates, crane runways and other elements. The 

establishment of a specified basic measurement for the 
spacing of axes creates the prerequisites for a hierarchical 
system of measurement standardisation for individual 
structural components and their matching interconnection. 
The spacings between axes are simply added together, 
without intermediate measurements. However, masonry, 
glass panes, reinforced concrete panels etc., must include 
an element for the jointing arrangements. 

The points of support for a travelling crane can be 
unified on the basis of the standardised axis spacings. 

The matched, standardised components and assemblies 
are interchangeable, can be prepared off-site and used in a 
versatile manner. Mass production, interchangeability of 
components/assembiies and the availability of standardised 
components and assemblies in store result in savings in 
work, materials, costs and time. The arrangement of the 
structural axes brings considerable simplification to 
building supervision. 


3.1Z5 - fitS%1 

/ j pointed roof for specific 
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Old Danish framed building with 1 'Gefach' separation between 
the axes of the uprights 
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Roof slopes at regular intervals appropriate to specified types of 
roof construction 
































MODULAR SYSTEM 








Boundary reference Axis reference 

Boundary reference, 
axis reference 



Coordinate point (point 
intersection of 3 planes) 




coordinate system 


(IT) Non-modular zone 
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/<|qS Laterally connected, non- 
^ modular components in a 
central position 

9 9 
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Laterally connected, non- 
modular components in an 
edge position 




Relationship between axis 
' reference and modular 


material zone 



international agreements on the planning and execution of 
building work and for the design and manufacture of 
building components and semi-finished products are 
incorporated into national standards. The modular system 
is a means of coordinating the dimensions applicable to 
building work. 

The term 'coordination' is the key, indicating that the 
modular layout involves an arrangement of dimensions and 
the spatial coordination of structural components. Therefore, 
the standards deal with geometrical and dimensional 
requirements. The modular system develops a method of 
design and construction which uses a coordinate system as a 
means of planning and executing building projects. A 
coordinate system is always related to specific objects. 

Geometric considerations 

By means of the system of coordinates, buildings and 
components are arranged and their exact positions and 
sizes specified. The nominal dimensions of components as 
well as the dimensions of joints and interconnections can 
thereby be derived. -*■ (T)- ©, © 

A coordinate system consists of planes at right angles to 
each other, spaced according to the coordinate 
measurements. Depending on the system, the planes can 
be different in size and in all three dimensions. 

As a rule, components are arranged in one dimension 
between parallel coordinate planes so that they fill up the 
coordinate dimension, including the allowance allocated to 
the joints and also taking the tolerances into account. Hence 
a component can be specified in one dimension in terms of 
its size and position. This is referred to as boundary 
reference. > (?) ■* @ 

In other cases, it can be advantageous not to arrange a 
component between two planes, but rather to make the 
central axis coincide with one plane of the coordinate system. 
The component is initially specified in one dimension with 
reference to its axis, but in terms of position only. * (?) * 0 

A coordinate system can be divided into sub-systems for 
different component groups, e.g. load-bearing structure, 
component demarcating space, etc. * (8) 

It has been established that individual components need 
not be modularised, e.g. individual steps on stairways, 
windows, doors, etc. > 0 

For non-modular components which run along or across 
the whole building, a so-called 'non-modular' zone can be 
introduced, which divides the coordinate system into two- 
sub systems. The assumption is that the dimension of the 
component in the non-modular zone is already known at 
the time of setting out the coordinate system, since the non- 
modular zone can only have completely specified 
dimensions. --> (9) 

Further possible arrangements of non-modular 
components are the so-called centre position and edge 
position within modular zones. ► © - 0 



Floor-to-floor height: 

30 M = 300:19 = 15.8 
select 16 steps 
step rise: 

h = 3 °° = 18.75 cm 
16 

Overall length: 

16.26 = 416cm 
select 420 - 42 M 
Tread going: 

b = 419.26.2cm 
16 

(assuming joint dimension of 1cm) 


(l 3J Preliminary design 


- motorway service area 
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Reinforced concrete staircase unit 




















horizontal: 

12 M series unlimited 
6M and 3 M series 20 fold 
1 M series 30 fold 

vertical: 

12 M and 6 M series unlimited 
3 M series 16 fold 
1M series 30 fold 
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©l Compensating 
v —'' measures on the 


the smallest dimension to be 
achieved from which a 
continuous sequence 
commences, is calculated with 
the critical number (crit N) 
crit N = (a -1) x (b -1} 


□Tan□ □ 
□ a □□ □ □ 
□I DC □ □ 


IDaiDDD OBO | 


12 M + 5M crit N = (12-1) * (5-1) = 44 

(J5y Combination of component dimensions without a common divisor 

1 / i\ \j 





/©N Construction of a curving 
^ roof edge from regular 

polygonal traverses (site plan) 


(8 ) Modular polygonal traverse 


COORDINATE SYSTEM AND 
DIMENSIONING 

Modular Arrangements in Building Practice 

The units for the modular arrangement are M = 100mm for 
the basic module and 3M = 300mm, 6M = 600mm, and 
12M = 1200mm, for the multi-modules. The limited 
multiples of the preferred numerical series are generated in 
this way. The coordinate dimensions - theoretical standard 
dimensions - are, ideally, generated from these. These 
limitations are the result of functional, constructional and 
economic factors. -> © 

In addition, there are standardised, non-modular 
extending dimensions, I = 25mm, 50mm and 75mm, e.g., for 
matching and overlapping connection of components. * (3) 

The coordinate system in practical usage 

Using rules of combination, different sizes of components 
can also be arranged within a modular coordinate system. 

With the help of calculations with numerical groups {e.g. 
Pythagoras) or by factorisation (e.g. continued fractions), 
non-rectangular components can also be arranged within a 
modular coordinate system. > © + @ 

By constructing polygonal traverses {e.g. triangular, 
rectangular, pentagonal and the halves of the same), the so- 
called 'round' building structures can be devised. > ® ® 

Using modular arrangements, technical areas such as those 
for structural engineering, electrotechnology, transport¬ 
ation, which are dependent on each other from a 
geometrical and dimensional viewpoint, can be combined. 

-<D 
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Application of rotation about 45° using 12 M in the plan view 
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Original timber construction 
used as a basis for the 
design of the Greek temple 


© 


Stone construction 
developed by the Greeks 
and based on (T) 
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Timber construction 
(similar to (T)) still used in 
many countries 


© 


Rubble walls need framing 
with dressed stones -» p. 37 



© 


Nailed timber frame. 
Practical and economical 
but without character; best 
hidden behind cladding 


© 


Reinforced concrete building 
with supports in external 
wall, fronted by outer leaf of 
parapet wall supported by 
the cantilevered floor 




© 


Reinforced concrete 
structure with internal 
columns, cantilevered floor 
and continuous ribbon 
windows 


© 


Reinforced concrete 
mushroom structure with 
light steel supports in 
outer waif between 
windows p. 38 


BUILDING DETAILS 

Functional Use of Materials 

In the earliest civilisations, building form was dictated by 
the techniques of binding, knotting, tying, plaiting and 
weaving. Building in timber followed later, and in nearly all 
civilisations became the basis for architectural form (see the 
example of the Greek temple ® and (2)). 

Recognition of this is relatively recent, but there is an 
increasing number of examples which support the accuracy 
of this theory. Uhde researched this matter at length and 
established that Moorish architectural skills originate from 
timber construction, in particular the Alhambra at Granada. 
The internal surface decor of Moorish buildings has its 
source in weaving techniques (like the ribbons and beaded 
astragals on Greek buildings), although it was actually 
pressed into the gypsum by moulds or inlaid as 'Azujelos' 
(glazed strips of clay). In several rooms of the Alcazar in 
Seville one can clearly see in the corners of the rooms the 
knotting together of the wails in the gypsum finish exactly 
in the way that the wall carpets of the tents were knotted at 
the corners in earlier centuries. Here the form derived from 
tent construction was simply transferred to the gypsum 
mould. 

Under the same conditions, forms which result from the 
material, construction and functional requirements are 
similar or even identical in every country and time. 

The 'eternal form' was traced by V. Wersin with 
convincing examples. He showed that utensils used in the 
Far East and in Europe in 3000 bc are strikingly similar to 
those in use today. With new material, new technology and 
changing use, a different form inevitably evolves, even 
though embellishments can obscure or conceal the true 
form, or even give the impression of something quite 
different (baroque). The spirit of the age tends to decide the 
form of the building. 

Today, in the buildings of other periods, we study not so 
much the result as the origin of the art. Each style arrives at 
its 'eternal form', its true culmination, after which it is 
developed and refined. We still strive after a true expression 
with our use of concrete, steel and glass. We have achieved 
success in finding some new and convincing solutions for 
factories and monumental buildings, in which the need for 
extensive window areas determines and expresses the 
structure. 

The plain and distinct representation of the building 
parts, in conformity with their technical functions, provides 
possibilities for new forms in the details and the outward 
expression of buildings. Herein lies the new challenge for 
architects today. It is wrong to believe that our age needs 
only to develop clean technological solutions and leave it to 
the next period to cultivate a new form emanating from 
these structures -> (2). On the contrary, every architect has 
the duty to harness contemporary technical possibilities 
extensively and to exploit their artistic potential to create 
buildings that express the ethos of the modern world ( * p. 
39). This requires tact, restraint, respect for the 
surroundings, organic unity of building, space and 
construction, and a harmonious relationship between the 
articulation of interior spaces and the exterior form, in 
addition to fulfilling technological, organisational and 
economic demands. Even major artists with true creative 
drive ('those who have something to say') are subject to 
these restrictions and are influenced by the spirit of the age. 

The clearer the artistic vision or the view of life of the 
artist, the more mature and rich the content of his work, and 
the longer it will endure as a beautiful object of true art for 
all time. 






VAULTING 


snow blocks 


ice for windows 



© 


Primitives build circular 
huts with local materials: 
stones, poles and woven 
lianas are clad with leaves, 
straw, reeds, hides etc. 


© 


Similarly, Eskimos build 
summer houses of skin- 
clad whale ribs with 
windows made from seals' 
intestines, akin to the 
wigwam; winter houses are 
made of snow blocks 




FORM 

The Result of Construction 



1400 years ago, Byzantine 
architects created domes on 
the square plan of the Hagia 
Sophia, using the pendentive. 
Construction obscured inside 
(i.e. dematerialisation) 

TIMBER 


© 


As well as circular domes, 
barrel vaulting was widely 
used (e.g. Mesopotamia: 
reed ribs were covered 
with rush mats) 



/■j'X The Romans built the first 
7 stone domes on a circular 
plan (e.g., in its purest form. 
Pantheon, Rome) 



Barrel vaulting in masonry 
was first used by the 
Romans and later appeared 
in Romanesque architecture 
(e.g. Sibenik church, 
Yugoslavia) 



® 


The Sassanians in Persia 
(6th century ad) constructed 
their first domes on a square 
plan; transition from square 
to circle via squinch arches 



Gothic architecture evolved 
from cross-vaulting, allowing 
the vaulting of oblong bays 
by using the pointed arch 
(characteristic buttresses 
and flying buttresses) 



Block-houses in wooded 
countries have a universal 
form dictated by the nature of 
their construction 


STONE 



AgN Buildings of field stones 

without mortar (uncoursed 
random rubble) must have a 
low plinth; the structure 
consists almost entirely of 
roof, with a low entrance 


In areas short of timber, 
buildings used wood posts; 
posts have windows between 
them and there are braces in 
the window breasts 





Cut and dressed stones 
allow the construction of 
higher walls; with mortar 
joints, gables in stone with 
arched or vaulted openings 
become practicable 



‘ 

1 

$ 
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In contrast, this framed 
building has isolated 
windows and corner struts; 
the panels are interlaced 
wickerwork with mud or clay 
rendering (wattle and daub) 


masonry plinth 

/^2) Panel construction uses 
large prefabricated wall 
panels, which are quick and 
inexpensive to erect 




From a later period: framed 
openings and corners with 
carefully formed, dressed 
stones; the rest of the 
walls in rubble masonry 
which was then rendered 


The desire for larger windows 
Vs '—^ in town buildings led to a 

stone pillar construction style 
similar to the earlier timber 
post method > ( 16 ) 


To begin with, it is always construction that is the basis of 
form. Later it develops onto a pure, and often abstract form, 
which is initially adopted when new building materials are 
introduced. Numerous examples of this can be found in 


history, from ancient stone tombs, in which even the lay 
observer can discern the basic timber form, to the 
automobile of 1900 that imitated the horse-drawn carriage 
(even down to the provision of a whip holder). 
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STEEL 



Slender supports give steel-framed construction the lightest 
possible appearance * ©. However, this form is not 
permitted everywhere. Exterior unenclosed supports are 
rarely allowed © but, if combined with externally visible 



For many building types, building regulations require fire 
resistant or even fire proof construction and encased steel 
members consequently resemble reinforced concrete. 


SHELL ROOFS 



In shell structures, forces are distributed uniformly in all 
directions. Types include: cupola with segments -> ( 9 ), oblong 


CABLE STRUCTURES 




Cable structures for long spans have been in use since early 
times > ®. Circus tents are the best-known lightweight 
suspended diaphragm structure > ®. Modern reinforced 


FORM 

Modern Construction Techniques and Forms 



horizontal girders, can create an especially light but solid 
appearance of unobstructed space » ( 3 ). Steel and 
aluminium structures are particularly suitable for light open 
halls with few supports and cantilevered roofs * ( 4 ). 



0 


Architect: 

Frank Ltoyd Wright 



Typical characteristics are cantilevered floors on beams * 
(D from tower cores • > (6), or house core supports * (7), or 



shell -» ©, rhythmically arranged transverse shells (ji), rows 
of shells with inclined supports at neutral points * ©. 



concrete suspended diaphragms with rigid edge beams can 
create economical and impressive buildings > ©, and may 
be used as basis for cantilever constructions > ©. 


The challenge for architects is to create form based on a 
fusion of architectural expression and knowledge of the 
technological principles of modern construction 
techniques. This unity was lost in the wake of the Industrial 
Revolution, before which available forms were used on a 
'decorative' basis in any construction type, whether in 
stone, wood or plaster. 


The latest fire protection techniques can obviate the need 
for concrete encasement altogether. Intumescent coatings 
are often used for protecting structural steelwork against 
fire {especially the visually expressed elements). These look 
like normal paint but, in the event of fire, they foam, thus 
creating a protective layer around the steel. 






THE DESIGN OF HOUSES 


ACCESS 



walls and heavy gates glimpses of the garden 


ENTRANCES 



windows; lit through an windows with bars and 

opening in the roof bull's eye panes 


ROOM CONNECTIONS 



floors of short, wide boards rooms with parquet flooring 


HOUSES 



The Expression of the Period and its 

Conventions 



surroundings with low US, particularly) and stand 


fences unobtrusively among trees in 

large communal parks 



decorative glazing bars door {wired plate glass). 


(also, a bell-pull) which slides open when an 

electric eye is activated 



By 1900, sliding doors were Twentieth century rooms 

^ fitted between rooms, are flexible: sliding walls 

linoleum flooring, sliding and plate glass windows; 

windows, and draw curtains Venetian blinds/shutters as 

protection from the sun 



® The timber house (ad 1500) 
was influenced by the 
environment, method of 
construction and the way of 
life; e.g. Walser house 


The stone house (ad 1500): 
' s —^ massive walls, to combat 
enemies/cold, required the 
same area as the rooms 
themselves 


The house of the 2000s will have slender steel supports and 
v ^ slim non-load-bearing curtain waiting, the composition of which 
affords full protection against the weather, and maximum noise 
and heat insulation. Open plan, with dividing screens between 
living area, dining room and hall (no doors) 


In the time between the beginning of the 16th century (the 
period of witch-hunts, superstition, leaded lights and fort¬ 
like houses, a form which is still occasionally in demand) 
and the present day, astonishing advances have been made 
in science, technology and industry. As a result the outlook 
of society has changed radically. In the intervening 
centuries it is clearly evident from buildings and their 
details, as well as other aspects of life, that people have 
become freer and more self-aware, and their buildings 
lighter and brighter. The house today is no longer perceived 
as a fortress offering protection against enemies, robbers or 
'demons' but rather as a complementary framework for our 


way of life - open to nature and yet in every respect 
protected against its inclemency. 

People generally see and feel things differently. 
Designers must therefore use their creativity as far as 
possible to translate our shared experience into reality and 
express it through the materials at their disposal. The 
attitude of the client is of the greatest significance in this 
issue. In some ways, many clients and architects are still 
living in the 15th century while few of each have arrived in 
the new millennium. If the 'centuries' meet in the right way, 
then a happy marriage between client and architect is 
assured. 








adjacent plot 



M 12000 



© 


Four site layout proposals 
for development of a 
3000 m 2 plot with a NE 
slope: proposal 4 planned 
by the client; proposal 1 
accepted > (2) 


® 


This development, with a SE 
slope in front of the house, 
uses the contours correctly: 
yard to the west; entry from 
road to the north 


dressing room 



© 


room with a bay window 

House sketch design with 
faults: cloakroom and porch 
are too big; bathroom and 
servery are too narrow; the 
steps in the corridor are 
dangerous; restricted view 
from kitchen 


© 


Architect: 

Neufert 


Improved design for (3): 
better room plans; bedroom: 
2.5m above ground, using 
the site's natural slope; 
garage at ground level 


Building programme 

The work begins with the drawing-up of a detailed brief, 
with the help of an experienced architect and guided by the 
questionnaire shown on the following pages. Before 
planning starts, the following must be known: 

1 Site: location, size, site and access levels, location of 
services, building and planning regulations and 
conditions. This information should be sought from the 
local authority, service providers and legal 
representatives, and a layout plan to comply with this 
should be developed. 

2 Space requirements with regard to areas, heights, 
positioning and their particular relationship with one 
another. 

3 Dimensions of existing furniture. 

4 Finance: site acquisition, legal fees, mortgages etc. >pp. 
43-50. 

5 Proposed method of construction (brick, frame 
construction, sloping roof, flat roof etc.). 


DESIGN METHOD 

Working Process 

The sketch scheme is begun by drawing up individual 
rooms of the required areas as simple rectangles drawn to 
scale and put provisionally into groups. After studying the 
movements of the people and goods (horizontally and 
vertically), analyse circulation and the relationships of 
rooms to each other and the sun ■* p. 272. During this stage 
the designer will progressively obtain a clearer 
understanding of the design problems involved. Instead of 
starting to design at this stage they should, on the basis of 
their previous work to establish the building area, 
determine the position of the building on the site, by 
exploring the various means of access, the prevailing wind, 
tree growth, contours, aspect, and neighbourhood. Try out 
several solutions to explore all possibilities ■> © and use 
their pros and cons for a searching examination - unless of 
course a single obvious solution presents itself. Based on 
the foregoing, decision-making is normally fairly quick, and 
the 'idea' becomes clearer; then the real picture of the 
building emerges ©. 

Now the first design stage can begin, firstly as an 
organisational and spiritual impression in the mind. From 
this, a schematic representation of the general 
configuration of the building and its spatial atmosphere is 
built up, from which the designer can develop the real 
proposal, in the form of plans and elevations. Depending 
upon temperament and drawing ability a quick charcoal 
sketch, or a spidery doodle, forms the first tangible result of 
this 'birth'. 

The first impetus may become lost if the efforts of 
assistants are clumsy. With growing experience and 
maturity, the clarity of the mental image improves, allowing 
it to be communicated more easily. Older, mature architects 
are often able to draw up a final design in freehand, 
correctly dimensioned and detailed. Some refined mature 
works are created this way, but the verve of their earlier 
work is often lacking. 

After completion of the preliminary design, -> ©, a pause 
of 3-14 days is recommended, because it provides a 
distancing from the design and lets shortcomings reveal 
themselves more clearly. It also often disposes of 
assumptions, because in the intervening time preconceived 
ideas are put aside, not least as a result of discussions with 
staff and clients. Then the detailed design of the project is 
begun with the assistance of various consultants (e.g. a 
structural engineer, service engineers for heating, water 
and electricity) firmly establishing the construction and 
installations. 

Following this, but usually before, the plans are 
submitted to the relevant authorities for examination and 
permission (which might take about 3-6 months). During 
this time the costs are estimated and specification and Bill 
of Quantities produced, and the tendering procedure is 
undertaken, so that as soon as the permission to proceed is 
received, contracts can be granted and the work on site 
commenced. 

All these activities, from receiving the commission to the 
start of building operations for a medium-sized family 
house, takes on average 2-3 months of the architect's time; 
for larger projects (hospitals, etc.) 6-12 months should be 
allowed. It is not advisable to try to make savings at this 
juncture; the extra time spent is soon recovered during 
building operations if the preparation has been thoroughly 
carried out. The client thus saves money and mortgage 
interest payments. The questionnaire ( » pp. 41 and 42) and 
the room specification folder ( > p. 31) will be important 
aids. 
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BUILDING DESIGN 

Preparatory Work: Collaboration with Client 

Preparatory work is often done in a rush, resulting in an insufficiently detailed scheme being put out to tender and 
commenced on site. This is how 'final' drawings and costs only become available when the building is nearly complete. 
Explanations are of no help to the client. The only way of solving the problem is faster and better organised work by the 
architect and sufficient preparation in the design office and on the construction site. 

Similar information is required for most building projects, so detailed questionnaires and pro formas, available when the 
commission is received, can be used to speed things up. Certainly there will be some variations, but many factors are 
common and make questionnaires useful to all those involved in the project, even if they are only used as checklists. 

The following questionnaire is only one of the labour saving pro formas which an efficient and well-run architect's office 
should have available, along with pro formas for costing purposes, etc. 


Briefing Questionnaire 

Commission No.: 


Employer: 


Project Description: 


information collected by: 


Copies to: 


/ Information on the client 

1 What is their financial status? ] 

Business outlook? Total capital employed? confidential 
Where was the information obtained? J 

2 How does the business seem to be conducted? 

3 Who is our main contact? Who is our contact is his 
absence? Who has the final authority? 

4 Has the client any special requests regarding design? 

5 Have they any special interest in art? (In particular with 
regard to our attitude and design method.) 

6 What personal views of the client need to be taken into 
account? 

7 Who is liable to cause us difficulties and why? What could 
be the effects? 

8 Is the customer interested in publication of his building 
later on? 

9 Do the drawings have to be capable of being understood 
by laymen? 

10 Who was the client's architect previously? 

11 For what reason did he or she not receive this 
commission? 

12 Is the client thinking of further buildings? If so, when, what 
type, how large? Have they already been designed? Is 
there the possibility that we might obtain this 
commission? What steps have been taken in this 
direction? With what success? 

II Agreements on fees 

1 On what agreement with the client are the conditions of 
engagement and scale of professional charges based? 

2 What stages of the work are included in the commission? 

3 Is the estimated project cost the basis for the fee 
calculation? 

4 What is the estimated project cost? 

5 Are we commissioned to carry out the interior design? 

6 Has a form of agreement between employer and architect 
been signed and exchanged? 

III Persons and firms involved in the project 

1 With whom do we have to conduct preliminary 
discussions? 

2 Who is responsible for what special areas of activity? 

3 Who is responsible for checking the invoices? 

4 Which system of ordering and checking will be used? 

5 Will we have authority to grant contracts in the name of 
the client? If so, to what value? Do we have written 
confirmation for this? Who does the client recommend as 
contractor or sub-contractor? (Trade; Name; Address; 


Telephone) 

6 Is a clerk of works essential or merely desirable, and 
should he or she be experienced or junior? When is he or 
she required, and for how long (duration of job or only 
part)? 

7 Have we explained duties and position of clerk of works to 
client? 

8 Is accommodation available for site offices and material 
storage? What about furniture, telephone, computers, fax, 
heating, lighting, WC and water? 

IV General 

1 Is hoarding required? Can it be let for advertising? Is 
signboard required and, if so, what will be on it? 

2 Exact address of the new building and name after 
completion? 

3 Nearest railway station? 

4 Postal district/town? 

5 Is there a telephone on site, and if not when will one be 
available? Alternatively is there a telephone in the vicinity? 

6 Have we obtained a local edition of the national working 
rules for the building industry? Are there any additional 
clauses? 

\/ The project 

1 Who has drawn up the building programme? Is it 
exhaustive or has it to be supplemented by us or others? 
Has the client to agree again before the design work starts? 

2 Has the new building to be related to existing and future 
buildings? 

3 Which local regulations have to be observed? Who is 
building inspector or district surveyor? Who is town 
planning officer? 

4 What special literature is available on this type of building? 
What do we have in our files? 

5 Where have similar buildings been built? 

6 Have we taken steps to view them? 

VI Basic design factors 

1 What are the surroundings like? Are landscaping and trees 
to be considered? What about climate, aspect, access, and 
prevailing wind? 

2 What is the architecture of existing buildings? What 
materials were employed? 

3 Do we have photographs of neighbourhood with 
viewpoints marked on plan? If not, have they been 
ordered? 

4 What other factors have to be considered in our design? 

5 What are the existing floor-to-floor heights and heights of 
buildings? What is the situation with regard to roads, 
building lines, future roads, trees (types and sizes)? 

6 What future development has to be considered? 

7 Is it desirable to plan an area layout? 

8 Are there regulations or restrictions concerning elevational 
treatment in district? 

9 What is known of attitude of town planning officer or 
committee towards architecture? Is it advisable to discuss 
initial sketches with town planning officer before 
proceeding? 

10 in case of appeal, is anything known of the time taken and 
the ministry's decision in similar cases in this district? 








BUILDING DESIGN 

Preparatory Work: Questionnaire (cont.) 


VII Technical fact finding 

1 What sort of subsoil is common to this area? 

2 Has the site been explored? Where have trial holes been 
sunk? What were the results? 

3 What is load-bearing capacity of subsoil? 

4 Average ground water level? High water level? 

5 Has the site been built on previously? Type of buildings? 
How many storeys? Was there a basement and, if so, 
how deep? 

6 What type of foundation appears to be suitable? 

7 What type of construction is envisaged? 

In detail: 

Basement floor: Type? Applied load? Type of load? Floor 
finish? Insulation? Tanking? 

Ground floor: Type? Applied load? Type of load? 
Finishes? 

Other floors: Type? Applied load? Type of load? 
Finishes? 

Roof: Structure? Loading? Type of loading? Roof 
cladding? Protective finishes and coatings? Gutters? 
Internal or external downpipes? 

8 What insulation materials are to be employed? Sound 

insulation: horizontal/vertical? Impact sound: 

horizontal/vertical? Heat insulation: horizontal/vertical? 

9 Type of supports? Outer walls? Partitions? 

10 Staircase structure? Applied load? 

11 Windows: steel/timber/plastic/wood/aIuminium? Type 
and weight of glass? Internal or external seating? Single, 
double or combination windows? Double glazing? 

12 Doors: steel frames? Plywood? Steel? Lining? Fire 
grading? Furniture? With an automatic door closing 
device? 

13 Type of heating; solid fuel/gas/electricity/oil? Fuel 
storage? 

14 Domestic hot water: amount required and at what times? 
Where? Water softener required? 

15 Ventilation: air conditioning? Type? Air change? In which 
rooms? Fume extraction? Smoke extraction? 

16 Cooling plant? Ice making? 

17 Water supply? Nominal diameter of supply pipe and 
pressure? is pressure constant? Water price per cubic 
metre or water rate? Stand pipes required? Where and 
how many? 

18 Drainage and sewerage? Existing? Connection points? 
Nominal bore of main sewer? Invert levels? Where does 
the sewage flow to? Soak pits? Possible, advisable, 
permitted? Septic tank or other sewage treatment 
necessary? 

19 Nominal bore of the gas supply pipe? Pressure? Price per 
cubic metre? Reduction for large consumption? Special 
regulations concerning installation of pipes? Ventilation? 

20 Electricity? A.C. or D.C.? Voltage? Connection point? 
Voltage drop limit? Price per kW? Off-peak? Price 
reduction for large consumption? Transformer? High- 
voltage transformer station? Own generator? Diesel, 
steam turbine, windmill? 

21 Telephone? Where? ISTD? Telephone box? Where? Cable 
duct required? 

22 Intercom? Bells? Lights? Burglar alarm? 

23 What type of lift? Maximum load? Speed? Motor at top 
or bottom? 

24 Conveyor systems? Dimensions? Direction of operation? 
Power consumption? Pneumatic tube conveyor? 

25 Waste chutes or sink destructor disposal units? Where? 
Size? For what type of refuse? Waste incineration? Paper 
baling press? 

26 Any additional requirements? 


VIII Records and preliminary investigations 

1 Have deeds been investigated? Copy obtained? 
Anything relevant with regard to the project planning? 

2 Map of the locality available? Ordered? Transport 
details? 

3 Does site plan exist? Ordered? 

4 Does contour map exist? Ordered? 

5 Water supply indicated on plan? 

6 Mains drainage drawing checked out and cleared? 

7 Gas supply shown on the drawing? 

8 Is electricity supply agreed with Board and shown on 
plan? Underground cable or overhead line? 

9 Telephone: underground cable or overhead wires? 

10 Have front elevations of the neighbouring houses been 
measured or photographed? Has their construction been 
investigated? 

11 Has datum level been ascertained and fixed? 

12 Is site organisation plan required? 

13 Where does the application for planning permission 
have to be submitted? How many copies? In what form? 
Paper size? With drawings? Prints? On linen? Do 
drawings have to be coloured? Are regulations for signs 
and symbols on drawings understood? 

14 Requirements for submission of the structural 
calculations? Building inspector? {Normally decided by 
council planning department) 

IX Preliminaries 

1 How far is the construction site from the nearest rail 
freight depot? 

2 Is there a siding for unloading materials? What gauge? 
What are the off-loading facilities? 

3 What are access roads like, in general? Are temporary 
access roads necessary? 

4 What storage space facilities are available for materials? 
Available area open/under cover? What is their level in 
relation to site? Can several contractors work alongside 
one another without any problems? 

5 Will the employer undertake some of the work himself; 
supply some material? If so what: landscaping, site 
cleaning/security services? 

6 Method of payment, interim certificates, etc.? Otherwise 
what terms and conditions of payment are to be 
expected? 

7 What local materials are available? Are they particularly 
inexpensive in the area? Price? 

X Deadlines for: 

1 Preliminary sketches for discussion with staff and 
consultants? 

2 Preliminary sketches for meetings with the client, town 
planning officer, district surveyor or building inspector? 

3 Sketch design {to scale) with rough estimates? 

4 Design {to scale)? 

5 Estimate? Specification? Bill of Quantities? 

6 Submission of the application for planning permission 
and building regulations approval with structural 
calculations, etc.? 

7 Anticipated time for gaining permits? Official channels? 
Possibilities for speeding things up? 

8 Pre-production drawings, working drawings? 

9 Selection of contractors? Letters of invitation? 
Despatching of tender documents? 

10 Closing date for tenders? Bill of Quantities? 

11 Acceptance of tender? Progress chart? Date for 
completion? 

12 Possession of site? Commencement of work? 

13 Practical completion? 

14 Final completion? 

15 Final account? 
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Organisation 

The range of topics discussed in this section are listed 
below: 

A Definition of terms 
1.0 Building design 
2.0 Building construction 

B Duties and outputs for construction management 
1.0 Construction planning 

1.1 Definition of duties and outputs/contents 

1.2 Aims/risks of construction planning 

1.3 Means and tools for construction management 

* Construction drawings 

* Sectional drawings (component drawings, junction 
drawings) 

* Special drawings 

* Specifications 

* Area/room/component schedules, specifications, bills 
of quantities 

2.0Tender action and letting of contracts 

2.1 Definition of duties and outputs/contents 

2.2 Aims/risks of tender action and letting of contracts 

2.3 Means and tools of tender action and letting of contracts 

* Contract laws and regulations 

* Contract conditions and articles of agreement 

* Technical conditions and preambles 

* Standard specifications, manufacturers' specifications 
and performance specifications 

3.0 Construction supervision 

3.1 Definition of duties and outputs/contents 

3.2 Aims/risks of construction supervision 

3.3 Means and tools of construction supervision 

* Standard procedures 

* Techniques of project management/time management 

A Definition of terms 

Definition of duties describing the necessary architectural 
services and the relevant fees are contained in the 
respective guidelines for each country or professional body, 
e.g. the RIBA Architects' Plan of Work in the UK, or the HOAI 
IHonorarordnung fur Architekten und Ingenieure] in 
Germany. 

1.0 Building design 

The briefing and design stages (A-D in RIBA Plan of Work, 
1-4 in HOAI) include inception/feasibility (3%), outline 
proposals (7%), scheme design (11%) and approvals 
planning (6%). Design services typically represent 27% of 
the total fee. 

2.0 Building construction 

The production drawings and information stages (E-H in 
RIBA Plan of Work, 5-9 in HOAI) include detail design, 
production information, bill of quantities (if applicable) 
(25%), preparing tender documents (10%), tender action 
(4%), site supervision (31%), project administration and 
documentation (3%). Construction management duties 
typically represent 73% of the total fee. 

B Duties and outputs for construction management 
1.0 Construction planning 

1.1 Definition of duties and outputs/contents 

Basic services 

* Working through the results of stages 2 and 4 (stage 
by stage processing information and presenting 
solutions) - taking into account the urban context, 
design parameters, and functional, technical, 
structural, economic, energy (e.g. rational energy use) 
biological, and economical requirements - and co¬ 
operating with other building professionals, to bring 
the design to the stage where it can be constructed 

* Presenting the design in a full set of drawings with all 
the necessary documentation including detail and 
construction drawings, 1:50 to 1:1, and accompanying 
specifications in text 


* In schemes which include interior fittings and design, 
preparing detailed drawings of the rooms and fittings 
to scales 1:25 to 1:1, together with the necessary 
specifications of materials and workmanship 

* Coordination of the input of the other members of the 
design team and integrating their information to 
produce a viable solution 

* Preparation and co-ordination of the production 
drawings during the building stage 

Additional services 

These additional services can be included as basic services 
if they are specifically listed in a schedule of services. This 
will negate some of the limitations in the standard list of 
basic services. 

* Setting up a detailed area-by-area specification in the 
form of a room schedule to serve as a basis for a 
description of materials, areas and volumes, duties 
and programme of works 

* Setting up a detailed specification in the form of a bill 
of quantities to serve as a basis for a description of 
materials, duties and programme of works 

* Inspection of the contractors' and sub-contractors' 
specialist design input developed on the basis of the 
specification and programme of works, to check that 
it accords with the overall design planning 

* Production of scale models of details and prototypes 

* Inspection and approval of design drawings produced 
by organisations outside the design team, testing that 
they accord with the overall design planning (e.g., 
fabrication drawings from specialist manufacturers and 
contractors, setting-up and foundation drawings from 
machine manufacturers), insomuch as their contracts 
do not form a part of the main contract sum (upon 
which the professional fees have been calculated) 

1.2 Aims/risks of construction planning 

Construction planning aims to ensure a trouble- and fault- 
free execution of the works. This requires a complete and 
detailed establishment of the formal and technical 
requirements, and their compliance with formal, legal, 
technical and economic matters. 

* Legal basis: planning and building regulations, and 
other regulations such as safety guidelines, e.g. for 
places of assembly 

* Technical basis: established standards and techniques 
of construction and materials, e.g. building standards, 
consultation/agreement with specialists and specialist 
contractors 

* Economic basis: cost control techniques, e.g. cost 
estimates/calculations, and consultation/agreement 
with specialists in this field 

Insufficient construction planning results in - among other 
things - wastage of materials (correction of errors, 
breakages and decay), waste of productive time (time 
wasting, duplicated work),and persistent loss of value 
(planning mistakes/construction faults). 

1.3 Means and tools for construction management 
Construction drawings contain all the necessary 
information and dimensions for construction purposes; 
normal scale is 1:50. 

Sectional drawings (component drawings, junction 
drawings), expand on the construction drawings with 
additional information on parts of the building works; 
normal scale is 1:20 , 1:10 , 1:5 or 1:1. 

Special drawings are tailored to the specific 
requirements of elements of the work (e.g. reinforced 
concrete work, steelwork or timber structural work) and 
show only the essential aspects of the other building 
features which relate to that particular specific element of 
work; normal scale is 1:50, depending on the particular 
needs. National standards and conventions govern the 
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drawing modes which, ideally, should be compatible with 
CAD (computer aided design) and the standard methods of 
specification and measurement of quantities and pricing. 
Suitable software packages are available. 

Area/room/component schedules , specifications , bills of 
quantities, contain full information - in the form of lists and 
tables - about the sizes (e.g. length, width, height, area and 
volume), the materials (e.g. wall coverings and floor 
finishes), and equipment (e.g. heating, ventilation, sanitary, 
electrics, windows and doors) of which make up the 
building, building elements, rooms or other areas. They 
serve as a basis for a full specification of materials and 
workmanship. Bills of quantities are commonly used in the 
UK and for large contracts in other countries. 

2.0 Tender action and letting of contracts i.e. the 
preparation/co-operation during tender action and letting of 
contracts 

2.1 Definition of duties and outputs/contents i.e. stages G + H 
in RIBA Plan of Work, and 6 + 7 in HOAI 

Basic services 

* Production and collation of quantities as a basis for 
setting up specifications, using information from 
other members of the design team 

* Preparation of specifications with schedules 
according to trades 

* Co-ordination and harmonisation of specifications 
prepared by other members of the design team 

* Compiling the preambles of the specifications for all 
the trades 

* Issuing the tender documents and receiving tenders 

* Inspection and evaluation of the tenders, including 
preparation of a cost breakdown by element, in co¬ 
operation with the rest of the design team engaged in 
these stages 

* Harmonisation and collation of the services of the 
design team engaged in tender action 

* Negotiation with tenderers 

* Setting up of cost predictions, including the fixed 
price and variable price elements of the tenders 

* Co-operation during the granting of contracts 
Additional services 

* Setting up specifications and bills on the basis of area 
schedules and building schedules 

* Setting up alternative specifications for additional or 
specific works 

* Compiling comparative cost estimates for the 
evaluation and/or appraisal of the contributions of 
other members of the design team 

* Inspection and evaluation of the tenders based on 
specifications of materials and workmanship, 
including a cost breakdown 

* Setting up, inspecting and valuing cost breakdowns 
according to special conditions 

2.2 Aims/risks of tender action and letting of contracts 

The tender action aims to formulate contract documents 
which will enable the construction work of a project to be 
carried out within the civil legal framework, thus affording 
the relevant structure of regulation and guarantees. Tenders 
can be sought when all the relevant information is available 
for costing. Tender documents consist of: schedule of 
conditions (e.g. specifications and contractual obligations) 
plus clauses with descriptions (e.g. possibilities for 
inspecting the details of the conditions / location, date of the 
project commencement and completion / limits to time and 
additional costs). 

Tender documents that include the price of the work and 
signature of the contractor (or his rightful representative) 
become an offer, which can be negotiated or accepted 
unchanged, resulting in the formulation of a contract, 
governing everything necessary for the carrying out of the 


works (e.g. type and extent of the work, amount and 
manner of payment, timetable and deadlines, and 
responsibilities). 

To prevent, from the outset, differences of 
understanding and opinion between the members of the 
contract - and to make clear their mutual responsibilities - 
contract documents (and hence also the tender documents) 
must be comprehensive and complete. 

Unclear, incomplete tender documents lead to poor 
building contracts, which provoke conflict, time overruns, 
defects, loss of value and additional costs. 

2.3 Means and tools of tender action and letting of contracts 

Contract laws and regulations depend on the country and 
local situation, and regulate, through the building contract, 
the legal relationship between the client and the contractor. 
They generally determine what constitutes a valid contract, 
how long the liabilities of the contract are valid, recourse to 
damages, dispute settlement, professional responsibilities 
and liabilities, and other aspects with regard to contractual 
relationships. 

Contract conditions and articles of agreement are 
specific to the particular form of contract being used. 
Because there are many types of standard contract 
document, it is important that a suitable contract type is 
chosen to meet the needs of the particular project. Typical 
headings of clauses of a contract for larger works are listed 
here: 

* Identification of the different members mentioned in 
the contract, and a description of their role and duties, 
e.g. employer, contractor, sub-contractors or architect 

* Interpretation, definitions, etc. 

* Contractor's obligations 

* The contract sum, additions or deductions, 
adjustments and interim certificates for partial 
completion of work 

* Architect's instructions, form and timing of 
instructions during the contract 

* Contract and other documents, and issues of 
certificates for completions 

* Statutory obligations, notices, fees and charges 

* Levels and setting out of the works 

* Materials, goods and workmanship to conform to 
description, testing and inspection 

* Royalties and patent rights 

* Identification of the person in charge of the works 

* Access for architect to the works 

* Clerk of works or client's representative on site 

* Details and procedure in the event of variations and 
provisional sums 

* Definition of the contract sum 

* Value added tax (VAT) and other taxes 

* Materials and goods unfixed off or on site, ownership, 
responsibilities incurred 

* Practical completion of the contract and liability in the 
case of defects 

* Partial possession by employer 

* Assignment of sub-contracts and fair wages 

* Insurance against injury to persons and property, and 
employer's indemnity 

* Insurance of the works against perils 

* Date of possession, completion and postponement 

* Damages for non-completion 

* Extension of time 

* Loss and expenses cause by matters materially 
affecting regular progress of the works 

* Determination (pulling out of contract) by contractor 
or employer 

* Works by employer or persons employed or engaged 
by employer, part of, or not part of, the contract 

* Measurement of work and certificates for completed 
work and payment 
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* Tax obligations 

* Unusual eventualities, e.g. outbreak of hostilities, war 
damage, discovery of antiquities 

* Fluctuations in labour and material costs and taxes, 
and the use of price adjustment formulae 

Technical conditions and preambles relate directly to the 
work to be undertaken and are formulated as general 
specifications, schedules of duties, general quality of 
workmanship, programmes of work, etc. and are often 
divided into the various trades. Typical headings under this 
section are listed below: 

* Scope of work and supply of goods, e.g. includes 
provision of all necessary tools, purchase, delivery, 
unloading, storage and installation of all goods 

* Quality of goods and components, national or 
international standards which must be adhered to 

* Quality of workmanship, national or international 
standards of workmanship which must be achieved 

* Additional and special duties, specification of the 
types and range of additional works included within 
the price, and those special duties which are to be 
charged in addition 

* Method of calculating the amount to be paid to the 
contractor, and determination of the means of 
measurement of the work done, e.g. quantitative 
units, boundaries between different sections of work, 
measuring techniques, and types of pay calculations 
(on a time basis, piece work, fixed rates, fluctuating 
rates, etc.) 

* Preambles, more specific and general items of 
agreement not covered in detail in the main contract 
conditions can be classed under three headings: 
necessary items are prescriptive (e.g. methods of 
handover), recommended items are advisory (e.g. 
sequence of work and programming) and possible 
items are suggested (e.g. feedback protocols, 
meetings, etc.) - taking care that there is no conflict 
between the preambles and the main contract 

Specifications, manufacturers' specifications, performance 
specifications are detailed descriptions for every part of the 
work which needs to be carried out. The extent and 
sophistication of these specifications vary, depending on 
the size and complexity of the project: for small, simple 
projects, drawings and specifications will suffice; larger 
projects need, in addition, schedules (e.g. door and window 
ironmongery) and bills of quantities (listing the extent of the 
various elements of the work and giving a basis for the 
pricing of the work) together with a variety of additional 
specialist drawings, specifications and schedules (e.g. 
reinforced concrete work, steelwork, mechanical and 
electrical equipment, etc.). 

To help in the production of specifications and bills of 
quantities, various systems of standardised texts, split into 
units or paragraphs, can be included or omitted as required. 
The suitability and acceptability of the various systems 
depends on the regulations of each country and profession 
(e.g. National Building Specification and Standard 
Measurement of Works in the UK, and the 
Standardleistungsbuch and LV-Muster in Germany). 

Manufacturer's information in relation to materials and 
equipment, offers additional, useful information in 
application and installation techniques, constructional 
details and necessary safety precautions. 

In general, in relation to tender action, the use of suitable 
computer software which links CAD drawings with 
specifications and bills of quantities is recommended. 

3.0 Construction supervision (inspection and supervision of 
the building works and necessary documentation) 

3.1 Definition of duties and outputs/contents i.e. stages J-L 

in RIBA Plan of Work, and 8 + 9 in HOA1 

Basic services will vary according to the conditions of 


appointment agreed by the architect with the client, and the 
type of contract agreed between the employer and 
contractor. The list of basic services will also vary from 
country to country, depending on the local professional 
norms. Typical services are listed below. 

* Inspection during the progress of the building works 
to check compliance with the planning approval, the 
contract drawings and the specifications, as well as 
with generally accepted qualities of workmanship and 
adherence to safety regulations and other relevant 
standards 

* Inspection and correction of details of prefabricated 
components 

* Setting up and supervision of a time plan (bar chart) 

* Writing of a contract diary 

* Combined measuring up of work with the building 
contractor 

* Measuring up and calculating the value of completed 
work with the co-operation of other members of the 
design and supervision team while establishing 
defects and shortcomings, and issuing of certificates 

* Inspection of invoices 

* Establishing final cost estimates according to the 
local or regulated method of calculation 

* Application to the authorities for grants or 
subventions according to local and specific 
circumstances 

* Handing over of the building, together with compiling 
and issuing the necessary documents, e.g. equipment 
instruction manuals 

* Testing protocol 

* Listing the guarantee periods 

* Supervising the making good of defects listed at 
handing over 

* Ongoing cost control 

* Inspection of the project for defects before the end of 
the guarantee periods of the various sub-contractors 
and contractor 

* Supervision of the making good of defects detected in 
the inspections before the end of the guarantee periods 

* Depending on local laws, inspections for up to five 
years after completion 

* Systematic compilation of the drawings and 
calculations related to the project 

Additional services 

* Setting up, supervision and implementation of a 
payment plan 

* Setting up, supervision and implementation of 
comparative time, cost or capacity plans 

* Acting as the agent responsible for the works, as far 
as these duties go beyond the responsibilities listed 
as basic services 

* Setting up of progress plans 

* Setting up of equipment and material inventories 

* Setting up of security and care instructions 

* Site security duties 

* Site organisation duties 

* Patrol of the project after handover 

* Supervision of the security and care tasks 

* Preparation of the measurement data for an object 
inventory 

* Enquiries and calculation of costs for standard cost 
evaluations 

* Checking the building and business cost-use analysis 
3.2 Aims/risks of construction supervision 

Construction supervision consists of two major elements: 

Control, measurement, accounting in relation to the 
contract conditions and plan of work, and building 
programme planning through the use of project 
management techniques (availability of people, machines, 
material at the right time, in the right amount, at the right 
place). Important aids include operation planning 




techniques and time planning techniques using various 
recognised methods. 

Poor building supervision and insufficient control lead, 
among other things, to unsatisfactory execution of the 
works, faults {obvious or hidden), faulty measurements and 
payments for work, additional costs, and danger to 
operatives (accidents) and materials. Unsatisfactory project 
management and poor co-ordination normally lead to 
building delays and extra costs. 

3.3 Means and tools of construction supervision 

Standard procedures vary according to the country and 
profession , together with techniques/instruments for 
project management. Supervision of the works, 
measurement of works and accounting is based on the 
drawings (production drawings, detail drawings, special 
drawings), specifications, schedules, possibly a bill of 
quantities, and the contract conditions. 

The techniques of operation and time planning make use 
of various common methods: bar charts, line diagrams and 
networks. 

Bar charts (according to Gantt, bar drawings), show the 
work stages/trade duties on the vertical (Y) axis, and the 
accompanying building duration or time duration 
(estimated by experience or calculation) on the horizontal 
(X) axis. The duration of the various stages/duties are 
shown by the length of the particular bars (shown running 
horizontally). 

Building stages which follow on from another should be 
depicted as such on the chart. The description of the 
building stages and trade categories help in the setting up 
of the bar chart, and make possible the comparison of the 
planned programme and the actual progress of the work. 
Advantages: provides a good overall view; clarity; 
ease of interpretation (type of presentation shows 
time scales) 

* Disadvantages: strict separation of work tasks; no 
identification of sub-tasks; difficult to show 
connections and dependence relationships of the 
work stages (thus critical and non-critica! sequences 
are not identified, and if altering the time duration of 
one stage will result in the alteration of the duration 
of the whole project) 

* Context of use: illustration of straightforward, self- 
contained building projects which have a simple 
sequence of tasks and no directional element (e.g. as 
in road construction), planning of individual tasks, 
resource planning (staffing programme/equipment 
and plant planning) » ® p. 49 

Line diagrams - speed-time distance-time (or 
quantities-time diagrams) - show measures of time 
(selected) on the one axis (which ones depending on the 
building task), and measures of length (or, less frequently, 
building quantities) on the other axis. The speed of the 
production process (the slope of the line), and the division (in 
terms of time and space between tasks) are clearly portrayed. 

* Advantages: clear presentation of speed of progress 
and critical separations 

* Disadvantages: poor portrayal of parallel and layered 
task sequences (spacing and timing of tasks which 
have no directional element) 

* Context of use: illustration of building projects with a 
strong directional element, e.g. length, height,(roads 
or tunnels) or (towers or chimneys) ( 2 ) p. 49 

Networks resulting from network planning techniques (as 
part of operational research) > @ p. 49 help in the analysis, 
presentation, planning, directing and control of tasks. The 
relationships between different operations show how they 
are influenced by many possible factors (e.g. time, costs 
and resources). 

To calculate the overall project duration, assume a 
project starting point at time PT 0 and show (calculating 
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forward) the earliest point in time ET (earliest time of start 
event EST/ earliest time of finish event EFT) for each task (D 
= duration, time span, beginning/finish of the task). The 
overall project duration is the duration of project path 
(critical path)/project finish time ET n . Incorporating 
estimated float (buffer time) elements (added together) 
produces the given project finish time point PT n . To 
determine the latest project start time, perform a backward 
pass (from right to left), taking the latest time point LT 
(latest time of start event LST, latest time of finish event 
LFT) for each task (calculating backwards), and hence the 
latest project start time for the project PT 0 , respectively the 
total float TF of the individual tasks = (latest time point LT - 
latest start/finish LST/LFT) - (earliest time point - earliest 
start/finish EST/EFT) > ( 4 ) p. 49 

The critical path method (CPM) puts task arrows into 
order. Nodes show the start or finish events of the tasks. 
The fundamental arrangement of relationships (= 
dependence between tasks, quantifiable) in CPM is the 
normal sequence (order relationship from the finish of the 
previous to the beginning of the following; finish event of 
task A = start event of task B). The time frame is determined 
(i.e. the task is allotted a definite estimated duration time). 
Tasks which are running parallel and are dependent on each 
other, dependencies of parts of tasks with each other which 
are a condition for the progress of a further task, are 
displayed as dummies (dummy arrows, order relationships 
in the network with time interval of 0 ). * ® + @ p. 50 

The content of the critical path chart mirrors the list of 
tasks (list of individual activities together with timing 
estimates). * @ p. 50 

The metra-potential method (MPM} orders the task 
nodes. Arrows display the order relationships. The 
fundamental arrangement of relationships with MPM is the 
order of starts (order relationship between the start of the 
previous task to the start of the following task; start event of 
task A = start event of task B). The time frame is determined 
(as with CPM). The content of the task node network mirrors 
the list of tasks (compare with CPM). ► @, ®, ( 4 ) p. 50 

The programme evaluation and review technique (PERT) 
orders the task nodes. Arrows display the order 
relationships. The time model is normally stochastic (i.e. 
the determination of the time intervals between the events 
is by probability calculations). Geometric models of PERT + 
CPM can be combined in a mixed presentation (tasks as 
arrows, and events as nodes). Theoretically, an event 
arrow-network plan is feasible; however, no practical 
method is available. 

Advantages/disadvantages/appropriate applications of 
the various network planning methods: 

* Pre-organised networks with deterministic time 
model (CPM/MPM) are the most suitable for detailed 
direction/control of building operations (emphasis on 
individual tasks). 

* Event-orientated networks (PERT) are more suitable 
for strategic planning and overview of the project 
(events = milestones). 

* Task node networks (MPM) are easier to set up and 
alter (consistent separation of tasks planning/time 
planning), and reproduce a greater number of 
conditions than task arrow networks (CPM; however, 
CPM is more widely used in practice, being older, 
more developed, and because 70-80% of ordering 
relationships which occur in network plans are 
standard sequences). 

Networks are primarily very detailed but are difficult to read, 
so additional presentation of the results as a 
barchart/diagram is necessary. Computers are predestined 
to be an aid, particularly in setting up large networks 
(resulting from entries of relevant data from the list of tasks). 
Suitable software is available (the majority being for CPM). 
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building 

project 


price 

calculation 


quotation 


price 


tender 

documents 
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Building contract 


covering 
letter of + 
acceptance 


conditions of 
submission 


conditions of 
contract 


specification 
of work 


ARTICLES OF AGREEMENT 

1 contractor's obligations 

2 contract sum 

3 architect 

4 quantity surveyor 

5 settlement of disputes 

Conditions: Part 1: General 

1 interpretation, definitions, etc. 

2 contractor's obligations 

3 contract sum - additions or deduc¬ 
tions - adjustment - interim certificates 

4 architect's instructions 

5 contract documents - other docu¬ 
ments - issue of certificates 

6 statutory obligations, notices, fees 
and charges 

7 levels and setting out of works 

8 materials, goods and workmanship 
to conform to description, testing 
and inspection 

9 royalties and patent rights 

10 person-in-charge 

11 access for architect to the works 

12 clerk of works 

13 variations and provisional sums 

14 contract sum 

15 VAT - supplemental provisions 

16 materials and goods unfixed or off-site 

17 practical completion and defects 
liability 

18 partial possession by employer 

19 assignment and subcontracts, fair 
wages 

20 injury to persons and property, and 
employer’s indemnity 

21 insurance against injury to persons 
and property 


22 insurance of the works against penis 

23 date of possession, completion and 
postponement 

24 damages for non completion 

25 extension of time 

26 loss and expense caused by matters 
materially affecting regular progress 
of the works 

27 determination by employer 

28 determination by contractor 

29 works by employer or persons 
employed by employer 

30 certificates and payment 

31 finance - statutory tax deduction 
scheme 

32 outbreak of hostilities 

33 war damage 

34 antiquities 

Conditions: Part 2: Nominated subcon¬ 
tractors and nominated suppliers 

35 nominated subcontractors - general, 
procedure for nomination, payment, 
extension of period for completion of 
works, failure to complete works, 
practical completion, final payment, 
position of employer in relation to 
subcontractor, etc. 

36 nominated suppliers 

Conditions: Part 3: Fluctuations 

37 choice of fluctuations conditions 

38 contribution, levy and tax flue 
tuations 

39 labour and material cost, and tax 
fluctuations 

40 use of price adjustment formulae 
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Typical headings for contract clauses 


building 

contract 


scope of contract and 
determination conditions 


the works - 


the payment 


carrying out of the 
works, hindrances, 
completion 


risks, 

responsibilities, 

guarantees 




General contract conditions 


groundworks 

excavations 

boreholes 

diversion of springs 
retaining walls 
bored piling 
water retention works 
land drainage 

underground gas and water mains 
underground drainage 
consolidation 

retaining works on water courses, 
ditches and embankments 
underwater excavation, dredging 
underpinning 
sheet piling 
sprayed concrete work 


construction work 

brickwork 

concrete and reinforced concrete 
work 

stonework 
blockwork 
carpentry work 
steelwork 

waterproofing work 
roofing and tiling work 
plumbing work 

finishing work 

plastering and rendering 
floor and wall tiling, and paving 
work 

screeding work 
asphalt laying 
joinery work 

floor laying and finishing work 
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Typical division of the work into sections 
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B2 room dimensions 



B4 service connections for 


B5 values 


b _ 


2 

3 


1 


2 


3 

1 

2 

3 

4 

5 

6 

1 

3 

6 


prov room number 

use 

user 

<D 

CL 

area 

<D 

height 

02 

volume 




„ w 


manh 

temp. 

vent 

light 

notes 

A B 

C 



>• 

m 2 


m 


m 3 

ing 

lation 

ation 

supply 

wiring 

conv. 

C 

per h 

lux 

(key) 

W 

104 

hall 


N 

6.92 

L 

2.47 

N 

14.87 




SW 

TS 


20 

1 


AS .*■!.,ii sm-k.*! 














CL 

SI 





Cl n.. i,|M: 














FB 






SSO Mil . . Mil kt't ii,.!lt’l 

W 

204 

bath/WC 


N 

3.47 

L 

2.475 

N 

8.588 

CH 

MV 

BA 

WB 

- 


24 

7 


il Kins'll* "if 













WB 

SO 






SW sw.r. ■■ 













WC 

IF 






SI vrk 

W 

304 

kitchen 


N 

6.09 

L 

2.47 

N 

15.04 

CH 

MV 

SI 

SW 

_ 

_ 

20 

4 


1C MVr,,.- 














SO 






SO mu m-! 














SWL 






TS Mil ki‘! 














SSO 






HA run 














CL 






WB A.isr- ti.is - 




















Wl rt.ll: ;.,pl wil'i.l : 1 u* ii !’ 

W 

404 

loggia 


N 

1 69 

L 

2.363 

N 

4.000 

CH 

MV 


SW 

AS 

. 

21 

1 


SWl w,t‘i : .i)M! A ll- MAili » 

W 

504 

liv./din. 


N 

19.77 

L 

2.47 

N 

48.63 




SO 






^ . 














CL 







W 

604 

service rm 


F 


L 

2.475 

N 

0.891 










Cn 

meOl.l'iii -js vtT' i.i: !>:■ 


Example of a room schedule (Raumbucher in Germany} {abbreviated version} 



























CONSTRUCTION MANAGEMENT 


building programme 



CHI site installation 
t > groundworks 
t t concrete works 


V77i formwork and steelwork 
i l scaffolding erection 
— scaffolding removal 


timetable bar diagram, divided into separate trades 


plant and equipment programme 
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sequence of works: 
site installation and clearing 
demolition and earthworks 
construction of road profile 
metalling, paving and kerbs 
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Building time plan 



number of 
work 
positions 



To 
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2 shift W 
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______ 

1 shift 

WC 
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building 

section 

job 
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comparison 
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operation research ■ 
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linear programming 


!network planning techniques 
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latest project 
commencement 


other methods 


latest time points 
LST = latest start time point 


i LFT * latest finish time point 


«-LTt LT ? 4 - 

. PT -.I 


project critical path 

3 w commence- | earliest time project finish 

2 S ment date points time P°' nt 

° ° EST = earliest start time point 

EFT = earliest finish time point 


3 | 


float I = PT 


given 

finish 


project 
time point 
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Network calculation 


network 
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Check list for measured work 
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Network orientation and precedence 
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CONSTRUCTION MANAGEMENT 
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sequence 
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dummy arrow 
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TF 
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task number 
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task duration 
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network plan number 

ES 

earliest start 
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earliest finish 
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latest start 

LF 

latest finish 

TF 

total float 


— task (arrow) 


- dummy arrow 


• critical path 



standard methods 

network planning methods 

line diagrams 
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Comparison of the display forms of different process diagrams 
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12 
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n added up 

(?) Task list ICPM) cf. >© 
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(4) Network plan ICPM) 


pos. 

no. 

description 
of task 

dura¬ 
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previous 

task 

earliest 

c 

o> 

<D 

-O 

finish 

to 

begin £ 

finish 

total 
float 
time ’■ 

103 

excavation P2 
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0 
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0 
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0 

102 

excavation PI 

2 

103 
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101 

excavation W1 

4 
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0 

104 

excavation W2 
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101 
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13 
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18 
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203 

piling 

17 
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11 

28 

9 

302 

foundations PI 
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102 
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301 

foundations W1 
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101, 302 
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16 
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16 

0 

304 

foundations W2 

10 

104, 301 

16 

26 
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303 
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203, 304 

26 
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28 

32 
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402 

concrete 
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401 
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32 
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32 
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403 
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columns P2 
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0 
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12 

401, 402 
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44 
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4 
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(?) Process list (MPM) cf. 

























THE BUILDING SITE 

Foundations, Excavation, Trenches 



© 


Banked excavation with terrace for the 
collection of precipitating material 



© 


Formwork 



© 


4 j Section through 
underpinning ( 



© 



Securing existing 
neighbouring buildings 


envisaged building 



© 


^ ground water S0.5 
h- -I 

Section through 
foundations » ( 7 ) 



1 


•© 


© 


Plan view 




© 


Excavation with banked 
edges 


(IT) Partly secured excavation 


Surveying, site investigation, appraisal 

Failure to accurately assess the building site and water table 
conditions and to specify the correct foundations generally 
leads to irreparable structural damage and serious cost 
overruns. 

Lateral ground displacement due to the load on the 
foundations causes the foundations to sink into the ground 
or become laterally displaced. This leads to total failure of 
the foundations. 

Settlement due to compression of the building site under 
the foundations due to the load on the foundations and/or 
loads caused by neighbouring structures leads to 
deformations and damage (cracks) in the superstructure. 

Where there is adequate local knowledge of the nature, 
mechanical properties, stratification and bearing strength of 
the sub-soil layers, calculations can be made which 
determine the dimensions of shallow foundations 
(individual and strip foundations; foundation pads and 
rafts) and deep foundations (pile foundations). If such 
knowledge is not available, timely investigation of the 
ground is required, if possible in consultation with an 
appropriate expert. This involves examination of the strata 
by excavation (manual or mechanical excavator), borings 
(auger/rotary bit or core drilling) with the extraction of 
samples and probes. The number and depth of inspections 
required depends on the topography, type of building and 
information available. 

The depth of the ground water table can be investigated 
by inserting measuring pipes into boreholes and taking 
regular measurements (water table fluctuations). The 
ground water samples should also be tested to assess 
whether it is aggressive towards concrete (i.e. presence of 
sulphates, etc.). 

Ground probes (and sample cores) are used to 
investigate granular composition, water content, 
consistency, density, compressibility, shear strength and 
permeability. Probes provide continuous information on 
soil strength and density as they penetrate the various sub¬ 
soil layers. 

All test results and the opinion of an expert site 
investigator should be brought to the attention of the 
building supervisors. 

Consult local and national standards for ground (rock) 
descriptions, classification of earthworks, sub-soil 
characteristics, stratification, ground water conditions, 
necessary foundation/excavation depths, calculation of 
excavation material quantities, and construction and safety 
of excavations. 


timber capping 
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EXCAVATIONS 





loose soil 40“ 

medium loose soil 40“ 

firm soil 60“ 

loose and firm rock 80“ 
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Excavation 



embankment 





Site plan with the building ( 3 ^) P* annet ^ house in 

^ dimensions drawn in ' relation to the site 



survey rod 
on the site 
boundary 




Setting out: how the building is measured into place —> (9) 


bracing site board 



level 



setting board, mostly 3 m long; 
intermediate levels measured 
with a scaled rod 


© 


Corner site boards 


Setting board 


Site and Building 
Measurements 

The building site must be 
surveyed and the plan of the 
proposed house entered on 
the official site plan * Q -<2). 
When the requirements of the 
planning and building reg¬ 
ulations have been met and 
planning permission granted, 
the foundations are pegged 
out as shown by wooden pegs 
and horizontal site boards * 
(4) - (8). The excavation must 
exceed the cross-sectional 
area of the house to provide 
adequate working space 
>500mm (4)-(5). The slope 
of the sides of the excavation 
depends on the ground type; 
the sandier the soil, the flatter 
the slope > (4). 

After excavation, string 
lines are tightly stretched 
between the site boards » (8) 
to mark out the external 
dimensions of the building. 
The outside corners of the 
house are given at the 
crossing points of the lines by 
plumb bobs. The correct level 
must be measured * (7). 
Dimensions are orientated by 
fixed points in the 
surroundings. Setting boards 
-> ©, of wood or aluminium, 
3m long, with a level built-in 
or fixed on top, are installed 
horizontally with the ends 
supported on posts. Inter¬ 
mediate contour heights are 
measured with a scaled rod. 

A water-filled, transparent, 
flexible hose 20-30 m long, 
with glass tube sections at 
each end marked out in mm, 
when held vertically, is used 
to read water levels. After 
calibrating by holding both 
glass tubes together, levels 
between points on the site 
can be compared accurately 
to the mm, without the need 
for visual contact (e.g. in 
different rooms). 


neighbouring 

building 
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In practice, it is incorrect 
to assume that pressure is 
distributed at an angle of 
45° or less; lines of equal 
pressure (isobars) are 
almost circular 


( 2 }-C 3 } foundations result 

in higher stresses than 


thinner ones with the 
same base pressure 





Intersection of 
foundation 
influence lines 
causes danger of 
settlement and 
crack formation 
(important when 
new building is 
adjacent to old 
building) 


© 


Foundations on a 
sand filling of 
0.8-1.20m high, 
applied in layers 
of 15cm in a 
slurry; the load 
is distributed 
over a larger 
area of the site 


Foundations on 
a hillside: lines 
of pressure 
distribution = 
angle of slope 
of the ground 
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Individual foundations for 
tight buildings without 
cellars 


© 


Strip foundations are most 
frequently used for 
building 



© 


Raft foundation reinforced 
with structural steel 



Simple strip foundation on 
^ lean concrete 



Grid pile and sinking 
^ caisson arrangement for 
deep foundations 



EARTHWORKS AND FOUNDATION 

STRUCTURES 


o I 1(00 I OKCO 


Technical investigations of the ground should provide 
sufficient data for efficient construction planning and 
execution of the building work. Depending on the 
construction type, the ground is evaluated either as 
building (for foundations), or as building material (for earth 
works). Building structures are planned (if legally possible 
and with local approval), according to expert assessment 
(i.e. avoiding marshy areas, landfill, etc.). The building 
construction type and the prevailing ground conditions 
affect the design of the foundations, e.g. individual footings 
■> ©, strip foundations -> raft foundations > ( 9 ), or if the 
ground strata are only able to carry the load structure at 
greater depth, pile foundations ©. Pressure distribution 
must not extend over 45° in masonry, or 60° in concrete. 
Masonry foundations are seldom used, due to high cost. 
Unreinforced concrete foundations are used when the load 
spreading area is relatively small, e.g. for smaller building 
structures. Steel reinforced concrete foundations are used 
for larger spans and at higher ground compression; they 
contain reinforcement to withstand the tensile loads > © + 
@. Reinforced, instead of mass, concrete is used to reduce 
foundation height, weight and excavation depth. For 
flexible joints and near to existing structures or boundaries 
-> ©. For cross-sections of raft foundations > @ - used 
when load-bearing capacity is lower, or if individual 
footings or strip foundations are inadequate for the 
imposed load. Frost-free depth for base > 0.80 m, for 
engineering structures 1.0-1.5m deep. 


Methods to improve the load-bearing capacity of the site 

Vibratory pressure process, with vibrator, compact in a 
radius of 2.3-3m; separation of the vibration cores approx. 
1.5m; the area is thus filled; improvement depends on the 
granulation and original strata. Ground compression piles: 
core is filled up with aggregate of varied grain size without 
bonding agent. Solidification and compression of the 
ground: pressure injection of cement grout; not applicable 
to cohesive ground and ground which is aggressive to 
cement; only applicable in quartzous ground (gravel, sand 
and loose stone); injection of chemicals (silicic acid 
solution, calcium chloride); immediate and lasting 
petrifaction. 



<c) with divided (d) foundation next 
sole plate to existing 

building 

Application of foundations 
on dividing lines and 
movement joints 



&zzzz&zzz^h 

(a) raft of uniform thickness 

(b) raft reinforced with beams 


(c) raft reinforced with beams 



(d) strengthening under supports 


Cross-sections of raft 
^ foundations 












EARTHWORKS AND FOUNDATION 

STRUCTURES 


Tf 
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(a) ground retained in situ 
concrete or sheet piling 
retaining wall 


(bl rear anchored in situ 
concrete or sheet piling 
retaining wall 


. 11 


(c) in situ concrete or sheet 
piling retaining wall built 
into structure 


©©©©^ 

/ 



/ 
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/ 


/,’///. 




JK 



id> concrete structure 
against a retaining 
wall 


(e) gravity wall 


(f> retaining wall with 
heel and toe 
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Building structures rated for the retention of soil pressure 
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Requisite pile separations for driven piles 



© 


Requisite depth of load supporting ground under bored piles 



To calculate the active soil pressure on retaining walls -* © and 
the permissible loading sub-soil, the type, composition, extent, 
stratification and strength of the ground strata must be known. 
Where local knowledge is inadequate, trial excavation and 
boreholes are necessary (separation of the bore holes < 25m). 
For pile foundations, the bore depths should extend to the foot 
of the piles (2). According to the method of measurement, 
these depths can be reduced by a third (T = 1.0B or 2 x pile 
diameter, but >6.0 m). For the required pile separations for bored 
piles ->(3); for driven piles The stated values do not apply 
to load-bearing plugged and bored pile walls. For the requisite 
depth of the load-bearing ground under bored piles * (5); for 
compressed concrete bored piles, Brechtel System »(§). 

Pile foundations: Loads can be transmitted by the piles to the 
load-bearing ground by surface friction, end bearing or both 
bearings; the type of load transfer depends on the building site 
and the nature of the piling. Bearing pile foundations; load 
transmission takes place at ends of the piles onto the load- 
bearing ground and/or through skin friction. Suspended pile 
foundations: the piles do not extend downwards until the ends 
are on the load-bearing region. Weak load-bearing layers are 
compacted by pile driving. 

Type of toad transfer: Friction piles essentially transfer the load 
through surface friction via the load bearing region around the 
circumference of the pile. End bearing piles: the load is principally 
transmitted by the pile end on to the bearing stratum; in this case, 
surface friction is not significant. The permissible end pressure is 
significantly increased in some types of pile by widening the 
bases of the piles. 

Position of the piles in the ground: Foundation piles are in the 
ground over their whole length. Retaining and projecting piles 
are free standing piles, whose lower portions only are below 
ground; the tops of these piles are exposed and therefore 
subject to buckling stresses. 

Materials: wood, steel, concrete, reinforced concrete and 
prestressed concrete piles. 

Method of insertion in the ground: Driven piles are rammed 
into the ground by pile driving hammers. Jacked piles are 
inserted by pressure. Bored piles are inserted by way of a bore 
hole. Screwed piles are inserted by rotation. With driven tube 
piles, a steel tube former is driven into the ground and 
withdrawn as the concrete pile is cast in situ. A distinction is 
made between piles which compact the ground, pierce it, or 
pass through a hole in it. 

Type of loading: Axially loaded piles. Bearing piles are 
subject to compressive stresses - the load being transmitted 
through point pressure and surface friction. Tensile piles are 
subjected to tensile stress with loads transmitted through 
surface friction. Horizontally loaded piles. Retaining or 
projecting piles are subject to bending stresses, e.g., horizontally 
loaded large bore piles, sheet piles. 

Manufacture and installation: Prefabricated piles are made in 
finished sections and delivered to the point of use, and driven 
into the ground by hammering, pressing, vibrating, screwing or 
by inserting in ready-prepared bore holes. In situ piles are 
created in a hollowed-out chamber in the ground, such as bored 

piles, tube piles, auger piles 
and cylinder piles. Mixed 
foundation piles are 
assembled from in situ and 
prefabricated parts. In situ 
piles provide the advantage 
that their length is not critical 
pre construction, and can be 
designed on the basis of 
compaction results, and 
examination of cores of the 
ground strata obtained during 
the boring process. 
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Compressed concrete bore pile (Brechtel System) 





BUILDING AND SITE DRAINAGE 


material 

internal connecting drains 
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internal collection drains 
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B5 


External underground drains are understood to be those 
which are laid outside the plan area of the building. Drains 
underneath cellar areas are taken as interior drains. 
Depending on topography, the depths required are 0.80m, 
1.00m and 1.20m. In severe climates, measures must be 
taken to protect against frost. 

Changes in direction of main drains must be constructed 
only with prefabricated bend fittings and no individual bend 
should be greater than 4-5°. If a junction of drains cannot be 
formed with prefabricated fittings, then a manhole must be 
constructed. Inaccessible double junctions are not 
permitted and a drain must not be reduced by connection 
into a narrower pipe in the direction of flow (with the 
exception of rainwater drainage outside buildings). 


nominal 

dimensions, 

DN 

(mm) 

foul water 
drains 
within 
buildings 

rainwater 

drains 

within 

buildings 

minimum fall 

combined 

drains 

within 

buildings 

for: 

foul water 
drains 
outside 
buildings 

rainwater and 
combined 
drains outside 
buildings 

up to 100 

1:50 

1:100 

1:50 

1:DN 

1:DN 

125 

1:66.7 

1:100 

1:66.7 

1:DN 

1 :DN 

150 

1:66.7 

1:100 

1:66.7 

1:DN 

1:DN 

from 200 

1:DN 

2 

1:DN 

2 

1:DN 

2 

1:DN 

1:DN 

fill level 
h/d 

0.5 

0.7 

0.7 

0.5" 

0.7 * 1 


* for ground drains greater than 150mm dia.; also 0.7 

** for ground drains greater than 150 mm dia. connected to a manhole with open 
throughflow; also 1.0 


Minimum falls for drains 
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BUILDING AND SITE DRAINAGE 


term 

symbol 

unit 

explanation 

rainfall value 

''lint 

l/<s ha) 

rainfall value, calculated according to 
the building section of the drainage 
system, with accompanying rain 
duration ( T) and rain frequency (n) 

rainfall area 

A 

m 2 

the area subjected to rainfall measured 
in horizonal plane (A) from which the 
rain water flows to the drainage system 

discharge coefficient 

V' 

1 

in the meaning of this standard, the 
relationship between the rainwater 
flowing into the drainage system and 
the total amount of rainwater in the 
relevant rainfall area 

water flow 

V tt 

I/s 

effective volume of water flow, not 
taking into account simultaneity 

rainwater 

discharge 

V, 

I/s 

discharge of rainwater from a 
connected rainfall area by a given 
rainfall value 

foul water 
discharge 

v s 

I/s 

discharge in the drainage pipe, resulting 
from the number of connected sanitary 
units taking into account simultaneity 

combined water 
discharge 

v m 

I/s 

sum of the foul water discharge and 
rainwater discharge l/j,, = V s + 1/ 

pumping 

flow 

K 

I/s 

calculated volume flow of a pump etc. 

connection 

value 

AW S 

1 

the value given to a sanitary fitting to 
calculate the following drainage pipe 
(1AW S ll/s) 

drainage 
discharge factor 

K 

I/S 

amount depending on the type of 
building; results from the characteristics 
of the discharge 

discharge 

capacity 

K 

I/s 

calculated discharge through a drainage 
pipe when full, without positive or 
negative static pressure 

partial fill 
discharge 

Vj 

1 /s 

discharge through a drainage pipe 
while partly full 

degree 
of fill 

h/d, 

1 

relationship between the filling height h 
and the diameter d, of a horizontal 
drainage pipe 

fait 

1 

cm/m 

difference in level (in cm) of the base of 
a pipe over 1 m of its length or its 
relative proportion (e.g. 1:50 = 2cm/m) 

functional 

roughness 


mm 

roughness value, which takes into 
account all the loss in flow in drainage 
pipes 

nominal 

bore 

ON 


this is the nominal size, which is used 
for all compatible fittings (e.g. pipes, 
pipe connectors and bends); it should 
be similar to the actual bore; it may 
only be used instead of the actual bore 
in hydraulic calculations when the 
cross-sectional area calculated from the 
smallest actual bore is not more than 

5% less than that calculated from the 
nominal bore (in relation to a circular 
cross section this represents about 

2.5%) 

actual bore 

DS 

mm 

internal dimension (diameter) of pipes, 
fittings, manhole covers etc., with 
specified permitted tolerances* (used as 
production specification to maintain the 
necessary cross-sectional properties 
(area, circumference etc.) 

minimum 

bore 

DS miri 

mm 

according to the regulations the 
smallest permissible bore, given by the 
smallest tolerated actual bore 
dimension 

minimum 

inner 

diameter 

d, mm 

mm 

the minimum inner diameter of 
drainage pipes, related to the 5% 
tolerance allowed from the dimension 
of the nominal bore 

flooding 



the situation when foul and/or rainwater 
escapes from a drainage system or 
cannot enter into it, irrespective of 
whether this happens in the open or 
inside a building 

overloading 



the situation when foul and/or rainwater 
runs under pressure in a drainage 
system, but does not leak to the surface 
and therefore causes no flooding 

drainage 

section 

7s 

m 

a section of the drainage system in 
which the volume of effluent, the 
diameter d„ and/or the fall / of the 
drainage pipe does not alter 


|* now: lower dimensional limit 


© 
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Terminology for building and site drainage 


Calculation of foul water flow 

The deciding factor in calculating the size of the nominal 
bore is the maximum expected foul water discharge l/ s , 
which is given by the sum of the connection values and/or, 
if appropriate, the effective water consumption, while 
taking into account the simultaneous use of the various 
sanitary fittings. 

V S =K , ZAW S + l/ e 

Guide values for the drainage discharge factor K are shown 
in (2) and example connection values AW S are given in ( 3 ). 

If the foul water discharge \/ s is smaller than the largest 
connection value of an individual sanitary fitting, then the 
latter value is to be taken. For drainage systems that do not 
fit into the categories of building listed in ( 2 ), K values 
should be calculated according to individual specific uses. 


type of building, drainage system 

K 

(I/s) 

apartment buildings, pubs/restaurants, guest 

0.5 

houses, hostels, office buildings, schools 


hospitals (wards), large pubs/restaurants, hotels 

0.7 

launderettes, rows of showers 

1 .0* 

laboratory installations in industrial organisations 

1 .2* 

*in the cases when the total water flow V e is not relevant 


2J Factors for drainage discharge 


sanitary fitting or type of drainage pipe 

connection 

value 

Aw > 

DN of the 
single connecting 
drain 

hand basins, vanity units, bidets, 
row of wash basins 

0.5 

50 

kitchen waste run-off (single/double sink), 
including dishwasher for up to 12 covers, 
floor gully, washing machine (with trapped 
drain) for up to 6kg dry laundry 

1 

50 

washing machines for 6-12kg dry laundry 

1.5* 

70* 

commercial dishwashers 

2 * 

100 * 

floor gullies: nominal bore 50 

1 

50 

nominal bore 70 

1.5 

70 

nominal bore 100 

2 

100 

WC, basin type dishwasher 

2.5 

100 

shower tray/unit, foot bath 

1 

50 

bath tub with direct connection 

1 

50 

bath tub with direct connection, 

(up to 1 m length) above floor level, 
connected to a drain DIM >70 

1 

40 

bath tub or shower tray with an 
indirect connection, connection from 
the bath outlet less than 2 m length 

1 

50 

bath tub or shower tray with an 
indirect connection, connection from 
the bath outlet longer than 2 m length 

1 

70 

connecting pipe between bath 
overflow and bath outlet 


■40 

laboratory sink 

1 

50 

outlet from dentists' treatment 
equipment (with amalgam trap) 

0.5* 

40* 

urinal (bowl)* 

0.5 

50 



nominal bore of 
internal collecting 
drain 

number of urinals: up to 2 

0.5 

70 

up to 4 

1 

70 

up to 6 

1.5 

70 

over 6 

2 

100 

* using these given estimated values, the actual values should be calculated 


© cSCSIctiou XSiKii 8{ iioilitx tiftiDai ant) Uasjc xa|nes lot 


” 3 ^ Connection values of sanitary fittings and basic values for 

nominal bores of individual drainage connections (branch drains) 
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BUILDING AND SITE DRAINAGE 


type of unit 


(a) multi-room flat 

for drainage from all sanitary rooms and kitchen 

5 

(b) multi-room flat 

for drainage from all sanitary rooms, 
but without the kitchen 

4 

studio flat 

for drainage from all sanitary fittings 

4 

hotel rooms and similar 

for drainage from all sanitary fittings 

4 


© 


Connection values for specific units (for stacks, above- and 
underground drainage) 


In the calculation of water flows for load types listed in (2), 
no conversion of the connection value AW S needs to be 
carried out. 


type of load 

flow measurement 

launderettes, rows of showers 

water flow V t , 

laboratory installations 

water flow V iy 

sundry separators (e.g. oil) 

water flow 

drainage pumps, sewage pumps and large 
washing and dishwashing machines, connected 
to the mains water and to the drains 

pumped flow W ( , 

rainwater share in a combined drainage system 

rainwater discharge l/ ( 


© Load types 


individual connecting dram pipe 

DN with regard 
to the layout 
criteria 

sanitary units 

nominal 

bore 

(DN) 

basis 

layout criteria 

unvent¬ 

ilated 

vent 

ilated 

length 

L (m 1 '} 

height 
H( m 11 ) 

number of 
bends? 1 

DN 

DN 

sink unit, 
washbasin, 

bidet 

40 

40 

up to 3 

up to 1 

up to 3 

40 

40 

over 3 

50 

40 

over 3 c 

r over 1 
up to 3 

over 3 

70 

50 

bath tubs 

connection to a stack 
above floor level 

DN of the stack -70 

40 

up to 1 

up to 
0.25 

without 

limit 

40 

40 

bath tub with 

direct connection 

50 

up to 3 

up to 

0.25 

without 

limit 

50 

50 

over 3 o 

over 1 
r 

up to 3 

70 

50 

bath tub with connection 
to floor gulley 

'40 

up to 3 

up to 
0.25 

without 

limit 

40 

40 

floor gully (bath drain) 
with connection to bath 
tub or shower tray 

70 

up to 5 

up to 1 

without 

limit 

70 

70 

over 5 

c 

up to 10 

over 1 
r 

up to 3 

100 

70 

single connection pipes 

50 

over 3 

over 1 
up to 3 

without 

limit 

70 

50 

single connection pipes 

70 

over 5 

c 

over 1 

>r 

up to 3 

without 

limit 

100 

70 

single connection pipe 
without WC 

100 

up to 10 

up to 1 

100 

100 

over 10 

c 

over 1 

up to 3 

125 

100 

WC 

100 

up to 5 

up to 1 

without 

limit 

100 

100 

WC 

max. 1 m horizontal 
distance to stack 

100 

up to 5 

over 1 
up to 4 

100 

100 

single connection pipes 

all 


over 3 

ventilation 

essential 


H difference in height between the 
connection to a ventilated pipe 
and the trap of a sanitary unit 
L straightened out length of pipe 
up to the trap 


(maximum permitted lengths and height differences of single connection pipes} 
number of bends including exit bend of trap 


Dimensioning of drainage systems following the 
connection of a pump installation 

Non-pressurised drainage following a pump installation is 
to be calculated as follows. 

(a) With rainwater drainage, the pumped flow from the 
pump i/p is to be added to the rainwater discharge V r 
{b)With foul water and combined drainage, the relevant 
highest value (pumped flow or the remaining effluent 
flow) is to be taken, under the condition that the addition 
of i/ p and i/ m or i/ s does not result in a complete filling of 
the underground or above-ground drainage pipework. The 
calculated testing of the complete filling of pipes is only to 
be carried out on pipes for which there is a filling level of 
h/di = 0.7. If there are several foul water pump installations 
in a combined underground/above-ground drainage 
system, then the total pumped flow of the pumps can be 
reduced (e.g. for every additional pump add 0.4 l/ p ). 

Dimensioning of foul drain pipes: connecting pipes . ,© 

Single connecting pipes from hand basins, sink units and 
bidets, which do not have more than three changes of 
direction (including the exit bend of the trap) can be 
constructed from nominal bore 40 pipes. If there are more 
than three changes of direction, then a nominal bore 50 
pipe is necessary. 

Internal collecting drainage 

With unventilated internal collection drains, the drain length 
L, including the individual connection furthest away, should 
not exceed 3m for nominal bore 50 pipe, 5m for nominal 
bore 70, and 10 m for pipes with a nominal bore of 100 
(without WC connection). Where greater lengths are 
required, wider bores or the use of ventilated pipework 
should be considered. Internal collection drain pipes over 
5m in length with a nominal bore of 100, WC connections 
and falls Hof 1m or more must be ventilated. 


above-ground collecting drain pipes 

DN with regard 
to the layout 
criteria 

highest permitted 

DN 

layout criteria 

unvent¬ 

ilated 

vent¬ 

ilated 

length L 
m 1 ’ 

height H 
m 1 ’ 

unventilated ventilated 
DN DN 

1 

- 

50 

up to 3 

up to 1 

50 

1 

1.5 

50 

up to 6 

over 1 
up to 3 

70 50 

from stack 

3 


70 

up to 5 

up to 1 

70 

3 

4.5 

70 

up to 10 

over 1 
up to 3 

f 100 t „ 70 

from stack 

16 

- 

100 

without 

WC 

up to 10 

up to 1 

100 

over 1 
up to 3 

100 


1.5 

50 

over 6 c 

r over 3 

L.... _ 

ventilation 

essential 


4.5 

70 

over 10 or over 3 

- 

25 

100 

without WC 

over 10 t 

r over 3 

16 


100 

with WC 

up to 5 

up to 1 

100 

- 

25 

100 

with WC 

over 5 

over 1 

ventilation essential 

- 

>16 

all 

ventilation essential 

3 


100 

WC with 1 sink unit on the ground floor 

- Ha t least 4m above the horiz. drain pipe 

- distance of WC from stack max. 1 m 

n 

H 

a 

L s 


lirL; t 

DN 70_^ 

fn 

r 

r -T 1 


V V y v 

J 

f 

I 

f - I 

^ _j diagram 1 ' f" '■ * 

_ j diagram 2 

fference in height from the connection to a ventilated pipe (stack, 
bove-ground, underground) to the highest situated trap 
raightened out pipe length to the furthest situated trap 



® 


Nominal bores of above-ground drainage in connection with the 
layout criteria of the pipe runs 


® 


Nominal bores of above-ground drainage in connection with the 
layout criteria of the pipe runs 
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DN 

d, mm 
(rum) 

upper 

limit 

V, 

(I/s) 

K = 

0.51/s 

K 

= 0.71/s 

K 

1.01/s 

XAW S 

max 
number 
of WCs 

XAW S 

max 
number 
of WCs 

XALV S 

max 

number 
of WCs 

70*" 

68.2 

1.5 

9 

- 

5 


2 

- 

100 

97.5 

4.0 

64 

13 

33 

8 

16 

4 

125 

115.0 

5.3 

112 

22 

57 

14 

28 

7 


121.9 

6.2 

154 

31 

78 

20 

38 

10 

150 

146.3 

10.1 

408 

82 

208 

52 

102 

25 


see explanations -> p. 56 

it is not permitted to connect more than four kitchen sanitary units 
to one separate stack (kitchen stack) 


Foul water stack drains with top ventilation 


DN 

rf, mm 

(mm) 

upper 

limit 

V s 

(I/s) 

K = 

0.51/s 

K 

= 0.71/s 

K-- 

1.0 I/s 

XAM/ S 

max 
number 
of WCs 

LAW S 

max 
number 
of WCs 

XAW S 

max 

number 
of WCs 

70**. 

68.2 

2.1 

18 

- 

9 

- 

4 

- 

100 

97.5 

5.6 

125 

25 

64 

16 

31 

8 

125 

115.0 

7.4 

219 

44 

112 

28 

55 

14 


121.9 

8.7 

303 

61 

154 

39 

76 

20 

150 

146.3 

14.1 

795 

159 

406 

102 

199 

50 


see explanations -» p. 56 

it is not permitted to connect more than four kitchen sanitary units 
to one separate stack (kitchen stack) 
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Foul water stack drains with direct or indirect additional 
ventilation 


DN 

d { nil(1 
(mm) 

upper 

limit 

K 

(1/s) 

K = 

0.51/s 

K 

= 0.71/s 

K-- 

1.01/s 

X A l/V s 

max 
number 
of WCs 

X AI/I 4 

max 
number 
of WCs 

X AI/I 4 

max 
number 
of WCs 

70**i 

68.2 

2.6 

27 

- 

14 


7 

- 

100 

97.5 

6.8 

185 

37 

94 

24 

46 

12 

125 

115.0 

9.0 

324 

65 

165 

41 

81 

20 


121.9 

10.5 

441 

88 

225 

56 

101 

28 

150 

146.3 

17.2 

1183 

237 

604 

151 

296 

74 


*> see explanations * p. 56 

**' it is not permitted to connect more than four kitchen sanitary units 
to one separate stack (kitchen stack) 
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Foul water stack drains with secondary ventilation 


type of surface 

coefficient 

waterproof surfaces, e g. 


- roof areas >3 U falls 't 


- concrete surfaces, ramps 


- stabilised areas with sealed joints l 

1.0 

- asphalt roofs j 


- paving with sealed joints 1 


roof area <3“ falls ^ 

0.8 

- grassed roof areas " 


- intensive planting 

0.3 

- extensive planting above 100mm built-up thickness 

0.3 

- extensive planting less than 100mm built-up thickness 

0.5 

partially permeable and surfaces with slight run-off, e.g. 


concrete paving laid on sand or slag, 


areas with paving 

0.7 

- areas with paving, with joint proportion > 15% 


(e.g. 100 \ 100mm and smaller) 

0.6 

- water consolidated areas 

0.5 

- children's play area, partly stabilised 

0.3 

- sports areas with land drainage 


- artificial surfaces 

0.6 

- gravelled areas 

0.4 

- grassed areas 

0.3 

water permeable surfaces with insignificant or no water run-off, e.g. 


park and planted areas 


- hardcore, slag and coarse gravelled areas, even 


with partly consolidated areas such as: 


- garden paths with water consolidated surface or 

0.0 

- drives and parking areas with grassed concrete grid 


" according to guidelines for the planning, construction and maintenance of roof 1 

planting 
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Discharge coefficient (\\i) to calculate the rainwater discharge (l/ r ) 


BUILDING AND SITE DRAINAGE 


Foul water stacks 

The nominal bore of all foul water stacks must be at least DN 70. 
For foul water stacks with top ventilation the figures given in (0 
should be used for design calculations. The nominal bores 
shown for the stacks considered are associated with the 
maximum sum of the connection values with which the stack 
can be loaded. It should be noted that to avoid functional 
disruptions a limit is put upon the number of WCs (i.e. sanitary 
units that introduce quantities of large solid objects and surges 
of water) that may be connected to the various stacks. In 
addition to foul water flows, tables (T) — (3) also show examples 
of sums of connection values (see p. 56). 

Foul water stacks with secondary ventilation can be loaded 
with 70% more foul water flow than stacks with top ventilation. 
They can be estimated in accordance with > (3). 

Calculations governing underground and above-ground 
collection pipes (horizontal foul water drains) should be made 
based on the ratio h/d { = 0.5 although for under-ground pipes 
outside the building over DN 150 can use h/d x = 0.7. The values 
for the partial fill discharge flow of the pipes with minimum falls 
/ min are identified in relation to whether the pipes are laid inside 
or outside the building. Values below the given size steps are 
allowed for pipe calculations only in individually justified cases. 


Calculations for rainwater pipes: rainwater discharge 
and rainfall value 

The discharge from a rainfall area is calculated using the 
following relationship: 


® V r = ¥ A- 


r T(n) 

10000 


in I/s 


where V r 
A 

r T(n) 

¥ 


rainwater discharge in I/s 
connected rainfall area in m 2 
rainfall value in l/(s-ha) 
discharge coefficient according to * (J) 


Rainwater drainage pipes inside and outside buildings are 
fundamentally to be calculated with a minimum rainfall value of 
at least 3001/<s ha), it is also important to ensure that there are 
enough emergency overflows for large internal rainwater 
drainage systems. The requirements can be checked using the 
following standard figures for the location: 

r i5(D Fifteen minute rainfall value, statistically exceeded 
once per year. This rainfall value should only be 
used in exceptionally well reasoned cases for the 
calculation of rainwater drainage pipe sizes. 
r 5(0.5) Five minute rainfall value, statistically exceeded 
once every two years. 

r 5 ( 0 . 05 > Five minute rainfall value, statistically seen is 
exceeded once every twenty years. 

For above- and underground drains within a building, subject to 
agreement with local guidelines, a rainfall value of less than 300 
can be employed, though it must be at least as great as the five 
minute rainfall value in two years (r 5{0 5 j). Across Germany, 
r 5(0.5) varies from around 165 up to as much as 445l/(s-ha) so it 
is important to check the figures with the local authority. 

If smaller rainfall values are proposed and there are large 
roof drainage areas (e.g. above 5000 m 2 ), it is necessary to carry 
out an overloading calculation on the basis of what can be 
expected in the case of rainfall equivalent at least to a five 
minute rainfall value in 20 years (^{o.os^- These rainfall values 
can be as high as 950l/(s ha). Within the overload sector, take 
into account the resistances due to the layout of the pipes. If a 
special roof form is proposed (e.g. those with areas of planned 
flooding) they must be waterproofed to above the flood level 
and the additional loads must be taken into consideration. 

Underground rainwater drainage pipes should have a 
nominal bore of DN 100 or more. If the pipe is outside the 
building and for mixed drainage (i.e. will also carry foul water), 
and connects to a manhole with open access, the nominal bore 
should be DN 150 or above. 
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DAMP-PROOFING AND TANKING 
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Cellar level protected 
horizontally and vertically 
against rising damp 



water conducted away by 
drainage 4 (5) - (6) 



F2 

* 

/ / 

finished floor 
level 

L ^ — 

ground — 




£ o* . o*‘ <3 .°o ** q q <}*? 

w - i— 

h/ 



X/^ 

A\ 


\0\ 
s \ \ 

S \ \ ' 

s \ x ' 

. s \ s 



® 


Damp-proofing of building 
with no cellar and with non- 
habitable room use; hardcore 
at the level of the damp- 
proof course 



ground 

level 


habitable room use; floor at 
ground level 


finished floor 
level 


' / 
/./ / 

>> 

1 

supporting 

floor 

finished floor 
level 
i y - 


Y/A 

1 





y// 

air space 

ground q,— 

level <*>[ 

r-7 - 




777$WF^77W7? 






i 

: 


y 
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Damp-proofing of building 
with no cellar; floor with 
ventilated air gap between 
floor and ground level 


© 


ground 

level 




finished ground 
floor level 



Damp-proofing of building 
with no cellar; low lying 
floor at ground level 

[ finished ground 
floor level 


ground 

level 


y/Mv*y/M 
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Damp-proofing of building 
with cellar with non- 
habitable room use (masonry 
walls on strip foundation) 


© 



Damp-proofing of building 
with cellar; masonry walls 
on strip foundations 



layer of 
filter packing, 
drainpipe 

nominal dia. 1 cn 
100 mm 



water seepage 
through pores 


© 


Drainage and tanking 


(12 


Protective wall of concrete 
grid units 


Cellars are used less these days as storage rooms and more 
as places for leisure or as additional rooms for 
accommodation and domestic purposes. So, people want 
greater comfort and a better internal climate in the cellar. A 
prerequisite for this is proofing against dampness from 
outside. For buildings without cellars, the external and 
internal walls have to be protected from rising damp by the 
provision of horizontal damp-proof courses » (3) - (6). On 
external walls, the damp-proofing is 150-300mm above 
ground level (3)-®. For buildings with brick cellar walls, 
a minimum of 2 horizontal damp-proof courses should be 
provided in the external walls -> ®-(8). The upper layer may 
be omitted on internal walls. Bituminous damp-proof 
membranes, asphalt, or specifically designed high-grade 
plastic sheet should be used for the vertical tanking in waits. 
Depending on the type of back filling used in the working 
area and the type of tanking used, protective layers should 
be provided for the wall surfaces -> @ - ©. Rubble, gravel 
chippings or loose stones should not be deposited directly 
against the tanking membrane. 



water occurs as 

proofing required against 

type of proofing 

rising damp 

capillary effect on vertical 
building elements 

protective layers against ground 
dampness (damp proofing) 

precipitation, 
running water 

seepage of water not under 
pressure on sloping surfaces 
of building elements 

proofing against seepage 
(tanking) 

ground water 

hydrostatic pressure 

pressure retaining proofing 
(tanking) 





raft foundation 

finished 
cellar floor 
level 



Damp-proofing and tanking 
of building with cellar; 


masonry walls on a raft 


foundation 



(l 3) Waterproof mat 


Protective layer of fibre 
cement boards 
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1 

finished t> 

ground s 

floor level s 

1 



i 



1 


©o©li - 



r 

0 

© 

oi 

*0* 

o 



cellar floor q 



,evel \ \ \ \\ o o 

1 


finished 
cellar floor 
level 


o' 0° 


O' O ; ■ 


/©\ Ground dampness in very 
^ porous ground 


2 ^) Non-pressurised water in 
^ slightly porous ground 



' o ; o • o O • O 

/©\ Water under pressure in 
—^ ground containing ground 
water 


1 T \ ' » 

[|=0.4| DN 100 

© Drainage system with 
rubble trench fill (French 
drain} 



© Drainage system with 

granular material around 
the pipe (tile drain) 

DN 300 *05% 


Drainage system for deep 
^ building work 


DU 300 & n p« 

DN 300 -_ U5% 


DU J00 
DN 100 


DM (688 


- y 


- 

DN 100 


7 ~ 7 ~ 7 /\ 


III 

i 8 


?- 


“j 
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7 j Example of an arrangement of drainpipes, inspection and 
cleaning access in a ring drainage system 



© 


Soakaway for low drainage 
requirement 


representation 

component 

material 

EZ3 

filter layer 

sand 

geotextile 
(filter fleece) 

m?*\ 

drainage 

layer 

gravel 

individual/ 

composite 

elements 

(drainage 

units, boards) 

(drainage mat) 


protective, 

separating 

membrane, 

render 


d/proofing 



drainpipe 
was trout/ 
inspection 
pipe 

washout, 

inspection/ 

collecting 

shaft 



Key to diagrammatic 
representation 


DAMP-PROOFING AND TANKING 

Ground Water Drainage 

Ground water drainage involves the removal of water from 
the building site area through drainage layers and 
drainpipes to prevent the build-up of water pressure. This 
process should prevent blocking by soil particles (fixed filter 
drainage). A drainage facility consists of perforated drains, 
inspection and cleaning devices, and drainage pipes for 
water disposal. Drainage is the collective term for drain 
pipes and drainage layers. If drainage at the wall is 
necessary, reference should be made to the cases * © - 
© * s relevant if ground dampness only occurs in very 
porous ground. * (2) is relevant if the accumulation of water 
can be avoided by means of a drain, so that water under 
pressure does not occur. > ( 3 ) is relevant if water is present 
under pressure, as a rule in the form of ground water, or 
when removal of the water via a drain is not possible. 


position 

material 

thickness (m) 

in front of walls 

sand/gravel 

-0.50 


filter layer coarseness 0-4 mm 

'0.10 


seepage layer coarseness 4-32 mm 

0.20 


gravel coarseness 4-32 mm and geotextile 

0.20 

on roof slabs 

gravel coarseness 4-32mm and geotextile 

•0.50 

under floor slabs 

filter layer coarseness 0.4 mm 
seepage layer coarseness 4-32 mm 
gravel coarseness 4 -32mm and geotextile 

■0 10 

around land drains 

sand/gravel 

■0.15 


seepage layer coarseness 4 32mm and 
filter layer coarseness 0-4 mm 

■0.10 


gravel coarseness 4-32 mm and geotextile 

■0.10 


drainpipe: nominal diameter 100 mm, 0.5% fall 

washout and inspection pipe: nominal diameter 300 mm 

washout, inspection and collecting shaft: nominal diameter 1000 mm 

(To) Specifications and depths of granular materials for drainage layers 



flow rate Q (I/s)- 

concrete land drains -corrugated plastic drainpipe 


© 


Measurement nomogram for drainage pipework 
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DAMP-PROOFING AND TANKING 



© 


Building walls on hillside must be well drained 


1- 18.80 -1 



Surface drainage with perforated land drains and ring drainage 
pumped to main drain 




water repellent 
covering 



perforated 

base concrete 

^ \ Pipe drainage with mixed 
infill (French drain) 


drainpipe 
with 20mm dia. 
perforations 


© 


©: 


| sand 

base concrete infill 

Pipe drainage with layered 
infill (tile drain) 



If the precipitation on the site is not absorbed quickly, a 
build-up of water pressure can occur and tanking against 
the water pressure is needed, with drainage to conduct 
water away. For these measures . (f> - (3); for tanking 
methods *®-@. 

Water pressure 

If parts of buildings are immersed in ground water, a water 
pressure retaining barrier layer (tanking) must be 
positioned over the base and side walls. To plan this design, 
the type of subsoil, the maximum ground water level and 
the chemical content of the water must be known. The 
tanking should extend to 300 mm above the maximum 
ground water level. The materials can be 3-layer asphalt or 
specially designed plastic membranes, with metal fittings if 
necessary. 

When the water level has sunk below the cellar floor 
level, the protective walls are constructed on the concrete 
base layer and rendered ready to receive the tanking. After 
the tanking is applied, the reinforced floor slab and 
structural cellar walls are completed hard against the 
tanking. NB the rounding of the corners * (6) - The 
tanking must be in the form of a complete vessel or enclose 
the building structure on all sides. Normally, it lies on the 
water side of the building structure * (6) - (7). For internal 
tanking, the cladding construction must be able to 
withstand the full water pressure * (J2). 


joint grouting 



mastic 

grouting 

protective 

layer 

clastic 

jointing tape 
2 -2 mm 
layers 



flange thickness 1.5mm bolted 
flange width ■ 12cm separation ■ 15cm 
bolts M20 

Tanking over a flexible joint 
in reinforced concrete slab 

2 layer copper band - 
joggled assembly 

0.1 mm thick, 
300 mm wide 


joint grouting 



elastic joint inlay I— 10cm— t ' 

1 . supporting course over 
detail x joint sealing - 100mm 

wide - no adhesive 

[protective layer ^ ^ filling^^^^^ 
waterproofing joint \ " * 


10 


reinforced concrete 

Tanking over expansion joint 
in reinforced concrete slab; 
thermal insulating screed 


water 

table 






(a) sealing anchor fittings 
which connect two walls 
through the tanking 

b - mm 


tb) sealing a pipe penetration 
of the tanking with flanges 


© 


Details: tanking between 
two walls 


arrangement )oint sea j my 
cobblestones com P ouncl pnsm pavo.rs 



© 


Tanking at connections to 
windows and access openings 



Subsequently constructed 
tanking 


13 


Tanking at junctions of slab 
bearing on retaining wall 















MASONRY 

Natural Stone 




© 


Squared random rubble 
uncoursed walling 



© 


Irregular masonry courses 



© 


Regular masonry courses 



structurally effective 
cross-section 



© 


Ashlar faced mixed 
masonry walling 


structurally effective 



d £ 12cm 


structurally effective 



j-Hd £ 4 cm 


© 


Mixed masonry with 
structurally effective cross* 
section 


Mgj Stone cladding: structurally 
ineffective 


Masonry in natural stone is referred to as random rubble, 
squared, dressed, ashlar, uncoursed, coursed, etc. * (f) - 
Stone quarried from natural deposits should be laid in the 
orientation as found in the quarry > ®, ( 3 ), ( 4 ), to give an 
attractive and natural appearance; this is also better from a 
structural viewpoint, as the loading is mainly vertical in pressure 
between the courses. Igneous stone is suitable for random, 
uncoursed masonry -» (2). The length of the stones should be 
four or five times their height, no more, and certainly no less 
than the stone height. The stones' size is of great significance to 
the scaling of a building. Attention must be paid to good 
bonding on both sides. In natural masonry, the bonding should 
show good craftsmanship across the whole cross-section. 

The following guidelines should be observed: 

(a) Nowhere on the front and rear faces should more than 
three joints run into each other. 

(b) No butt joint should run through more than two courses. 

(c) There must be a minimum of one header on two 
stretcher courses, or the header and stretcher courses 
should alternate with one other. 

(d) The depth of the header must be approx. 1.5 times the 
height of a course and not less than 300mm. 

(e) The stretcher depth must be approx, equal to the course 
height. 

(f) The overlap of the butt joints must be > 100 mm {masonry 
courses) and 150mm on ashlar walling •♦(§)- ( 7 ). 

(g) The largest stones should be built in at the corners > 0 - (g). 
The visible surfaces should be subsequently pointed. 

The masonry should be levelled and trued for structural bearing 
every 1 .5-2.0m (scaffold height). The mortar joints should be 
<30mm thick, depending on coarseness and finish. Lime or lime 
cement mortar should be used, since pure cement mortar 
discolours certain types of stone. In the case of mixed masonry, the 
facing layer can be included in the load-bearing cross-section if the 
thickness > 120 mm > ®. Front facing (cladding) of 25-50mm 
thickness (Travertine, limestone, granite, etc.) is not included in the 
cross-section and the facing is anchored to the masonry with non¬ 
corroding tie-rods, with a 2 mm separation from it * (Jd). 


group 

type of stone 

min. compressive strength 
in kp/cm 2 (MN/m 2 ) 

A 

limestone, travertine, volcanic tufa 

200 (20) 

B 

soft sandstone (with argillaceous binding agent) 

300(30) 

C 

dense (solid) limestone and dolomite (inc. 
marble) basalt lava and similar 

500 (50) 

D 

quartzitic sandstone (with silica binding agent), 
greywacke and similar 

800(80) 

E 

granite, synite, diorite, quartz porphyry, 
melaphyre, diabase and similar 

1200 (120) 
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Minimum compressive strengths of types of stone 



masonry type 

mortar 

group as 

in 11 






group 

A 

B 

C 

D 

E 

1 

quarry stone 

1 

2 (0.2) 

2 (0.2) 

3 (0.3) 

4 (0.4) 

6 (0.6) 

2 


ll/lla 

2 (0.2) 

3(0.3) 

5 (0.5) 

7 (0.7) 

9 (0.9) 

3 


ill 

3(0.3) 

5 (0.5) 

6 (0.6) 

10 (1.0) 

12 (1.2) 

4 

hammer finished 

1 

3 (0.3) 

5 (0.5) 

6 (0.6) 

8 (0.8) 

10 (1.0) 

5 

masonry courses 

ll/lla 

5 (0.5) 

7 (0.7) 

9 (0.9) 

12 (1.2) 

16 (1.6) 

6 


III 

6 (0.6) 

10 (1.0) 

12 (1.2) 

16 (1.6) 

22 (2.2) 

7 

irregular and 

1 

4 (0.4) 

6 (0.6) 

8 (0.8) 

10 (1.0) 

16 (1.6) 

8 

regular masonry 

ll/lla 

7 (0.7) 

9 (0.9) 

12 (1.2) 

16 (1.6) 

22 (2.2) 

9 

courses 

111 

10 (1.0) 

12 (1.2) 

16 (1.6) 

22 (2.2) 

30 (3.0) 

10 

ashlar walling 

; ! 

8 (0.8) 

10 (1.0) 

16(1.6) 

22 (2.2) 

30 (3.0) 

11 


ll/lla 

12 (1.2) 

16 (1.6) 

22 (2.2) 

30 (3.0) 

40 (0.4) 

12 


III 

16 (1.6) 

22 (2.2) 

30 (3.0) 

40 (4.0) 

50 (5.0) 


^\2) Basic values - permissible compressive stress on natural stone 
masonry in kp/cm 2 (MN/m 2 ) 



slenderness ratio 
or eff. si. ratio 

8 (0.8) 

10 (1.0) 

12 (1.2) 

16(1.6) 

22 (2.2) 

30 (3.0) 

40 (4.0) 

50 (5.0) 

1 

10 

8 (0.8) 

10 (1.0) 

12 (1.2) 

16(1.6) 

22 (2.2) 

30 (3.0) 

40 (4.0) 

50 (5.0) 

2 

12 

6 (0.6) 

7 (0.7) 

8 (0.8) 

11 (1.1) 

15(1.5) 

22 (2.2) 

30 (3.0) 

40 (4.0! 

3 

14 

4 (0.4) 

5 (0.5) 

6 (0.6) 

8 (0.8) 

10 (1.0) 

14 (1.4) 

22 (2.2) 

30 (3.0) 

4 

16 

3 (0.3) 

3 (0.3) 

4 (0.4) 

6 (0.6) 

7 (0.7) 

10 (1.0) 

14 (1.4) 

22 (2.2) 

5 

18 



3 (0.3) 

4 (0.4) 

5 (0.5) 

7 (0.7) 

10 (1.0) 

14 (1.4) 

6 

20 





3 (0.3) 

5(0.5) 

7 (0.7) 

’ 10(1.0) 


' 13 ) Permissible compressive stresses on natural stone masonry in 
kp/cm 2 (MN/m 2 ) 


62 









MASONRY 

Bricks and Blocks 




© 


Single leaf plastered 





Single leaf fairfaced 



Double leaf with brick 
^ facing 



© 


Single leaf with tile 
hanging 





© 


Single leaf with thermal 
insulated facing 



4q\ Tile hanging on insulating 
^ blockwork 


As per BS 6100: Section 5.3: 1984, masonry units include 
several terms: unit (special, shaped, standard shaped, cant, 
plinth, bullnose, squint, solid, cellular, hollow, perforated, 
common, facing, split-faced, lintel, fixing, concrete, calcium 
silicate, sandlime, flintlime, fired-clay, terracotta, faience), 
header, stretcher, closer (king, queen) and air brick. Brick: a 
masonry unit not over 338mm in length, 225mm in width or 
113mm in height. The term 'brick' includes engineering, 
frogged, hand-made, stock, wire-cut, rusticated, rubber, tile 
and damp proof course bricks. Block: a masonry unit 
exceeding the size of any dimension of brick, including 
dense concrete, lightweight concrete, lightweight 
aggregate concrete, aerated concrete, autoclaved aerated 
concrete, thermal insulation, foam-filled concrete, clinker, 
dry walling, cavity closer and quoin blocks. All masonry 
work must be horizontally and vertically true, and properly 
aligned in accordance with regulations. On double leafed 
masonry -> ® + (9), floors and roof must be supported only 
by the inner leaf. Masonry leafs should be joined with a 
min. of 5 stainless steel wire ties, 3mm in diameter, per sq. 
m. The ties are separated 250mm vertically and 750mm 
horizontally. 


designation 


length (cm) 

breadth (cm) 

height (cm) 

thin format 

TF 

24 

11.5 

5 2 

standard format 

SF 

24 

11.5 

7.1 

1 V 2 standard format 

1V 2 SF 

24 

11.5 

11.3 

2 V 2 standard format 

2 Va SF 

24 

17.5 

11.3 
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Masonry formats 



@ 


Interrelationship between brick/block height dimensions 


• a 


cellar wall thickness, d 

height h (m) of ground above cellar floor 

(cm) 

with vertical wall loading (dead load) of 


> 50kN/m 

< 50 kN/m 

36.5 

2.50 

2.00 

30 

1.75 

1.40 

24 

1.35 

1.00 


(13) Minimum thickness of cellar walls 


thickness of the 

height 

bracing wall in the 



supporting wall 

of storey 

1st to 4th and 5th and 6th 

spacing 

length 

to be braced 

(m) 

full storey levels from top 

(m) 


11.5 < d < 17.5 

< 3.25 

thickness (cm) 

■ 4.50 

• 1/5 

17.5 < d < 24 


> 11.5 

> 17.5 

<- 6.00 

of the 
height 




24 < d < 30 

< 3.50 



- 8.00 


30 < d 

< 5.00 





(l A) Thickness, spacing and length of bracing walls 


dimensions (cm) 

thickness of wall (cm) 




11.5 

17.5 j 24 

30 

- 36.5 

recesses in breadth 

- 

< 51 

“ 63.5 

‘ 76 

masonry bonding residual wall thickness 

- 

> 11.5 

• 17.5 

’ 24 

sawn out slots breadth 

s wall thickness 



depth 

s2 

s3 1 ~ 4 

L_Lj 

L_f_ 

min. spacing between recesses and slots 

199 




distance from openings 

> 36.5 




distance from wall junctions 

> 24 





(l 5) Permissible vertical recesses and slots in braced and bracing walls 



63 











MASONRY 






Crossover with reinforced 
light concrete masonry 
blocks 




® 


Aerated concrete blocks 
with cemented joints: 1 mm 



© 


Building blocks with 5cm 
insulation layer and mortar 
filled cavities 



© 


^ 'j Reinforced masonry for 
door or window lintel 




Poroton blocks with mortar 
filling 



io 


Special wall blocks with 
insulation and mortar 
filling channels 


Bricks and Blocks 

Masonry waiting has to be braced with lateral walls and the 
tops restrained by upper floors (cellular principle). Bracing 
walls are plate-like components which stiffen the structure 
against buckling -* p. 63 (Q). They are rated as supporting 
walls if they carry more than their own weight from one 
storey. Non-supporting walls are plate-like components 
which are stressed only by their own weight and do not 
provide buckling support. Recesses and slots have to be cut 
out or positioned in the masonry bonds. Horizontal and 
slanting recesses are permitted, but with a slenderness 
ratio of < 140mm and thickness > 240mm under special 
requirements > p. 63 ©. Ties should be provided for 
connection between external walls and partition walls 
acting as bracing walls that transmit horizontal loads. 
Horizontal reinforcement is required in structures of more 
than two complete storeys or which are more than 18[t]m 
long, if the site conditions demand it, or where there are 
walls with many or large openings (if the sum of the 
opening widths is more than 60% of the wall length, or 
where the window width is over 2 /3 of the storey height or 
more than 40% of the wall length). 


heading 

number 

lengthwise 
dimension* {ml 

number 

of 

height dimension (m), with block thickness imm) 

OD 

OS 

OL 

courses 

52 

71 

113 

155 

175 

238 

1 

0.115 

0.135 

0.125 

1 

0.0625 

0.0833 

0.125 

0.1666 

0.1875 

0 25 

2 

0.240 

0.260 

0.250 

2 

0.1250 

0.1667 

0.250 

0.3334 

0.3750 

0 50 

3 

0.365 

0.385 

0.375 

3 

0.1875 

0.2500 

0 375 

0.5000 

0 5625 

0.75 

4 

0.490 

0.510 

0.500 

4 

0.2500 

0.3333 

0 500 

0.6666 

0.7500 

1 00 

5 

0.615 

0.635 

0.625 

5 

0.3125 

0.4167 

0.625 

0.8334 

0.9375 

1 25 

6 

0.740 

0.760 

0.750 

6 

0.3750 

0.5000 

0.750 

1.0000 

1.1250 

1.50 

7 

0.865 

0.885 

0.875 

7 

0.4375 

0.5833 

0.875 

1.1666 

1.3125 

1.75 

8 

0.990 

1.010 

1.000 

8 

0.5000 

0.6667 

1.000 

1.3334 

1.5000 

2.00 

9 

1.115 

1.135 

1.125 

9 

0.5625 

0.7500 

1.125 

1.5000 

1 6875 

2.25 

10 

1.240 

1.260 

1.250 

10 

0.6240 

0.8333 

1 250 

1.6666 

1.8750 

2.50 

11 

1.365 

1 385 

1.375 

11 

0.6875 

0.9175 

1.375 

1 8334 

2 0625 

2.75 

12 

1.490 

1.510 

1.50 

12 

0.7500 

1.0000 

1.500 

2.0000 

2 2500 

3.00 

13 

1.615 

1.835 

1.625 

13 

0.8125 

1.0833 

1.625 

2.1666 

2 4375 

3 25 

14 

1.740 

1 760 

1.750 

14 

0.8750 

1.1667 

1 750 

2.3334 

2.6250 

3.50 

15 

1.865 

1.885 

1.875 

15 

0.9375 

1.2500 

1.875 

2.5000 

2.8125 

3.75 

16 

1.990 

2.010 

2.000 

16 

1.0000 

1.3333 

2 000 

2.6666 

3.0000 

400 

17 

2.115 

2.135 

2.125 

17 

1.0625 

1.4167 

2.125 

2.8334 

3.1875 

4.25 

18 

2.240 

2.260 

2.250 

18 

1.1250 

1.5000 

2.250 

3.0000 

3.3750 

4 50 

19 

2.365 

2.385 

2.375 

19 

1.1875 

1.5833 

2 375 

1 3.1666 

3.5625 

4 75 

20 

2.490 

2 510 

2.500 

20 

1.2500 

1.6667 

2.500 

3 3334 

3.7500 

! 5 00 

* 0D = outer dimension, OS = opening size, 0L = overlap 
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Setting out dimensions for masonry work 


block 

block 

dimension 

number 

wall 

per m 


per nv 


format 

format 

(cm! 

of courses 

thickness 

of wall 


of masonry 




per 1 m 
height 

(cm) 

no. of 

mortar 

no. of 

mortar 





blocks 

(litre) 

blocks 

(litre! 


DF 

24 • 11.5 ■ 5.2 

16 

11.5 

66 

29 

573 

242 

Irf 





132 

68 

550 

284 

0 




36.5 

198 

109 

541 

300 

n 

T3 

NF 

24 ■ 11.5 * 7.1 

12 

11.5 

50 

26 

428 

225 





24 

99 

64 

412 

265 

0 .9 




36.5 

148 

101 

406 

276 

n ^ 

-0 £ 

2 DF 

24 v 11.5 . 11.3 

8 

11.5 

33 

19 

286 

163 

2 0 




24 

66 

49 

275 

204 

0 ^ 




36.5 

99 

80 

271 

220 

Q. — 

3 DF 

24 - 17.5 - 11.3 

8 

17.5 

33 

28 

188 

160 

b 




24 

45 

42 

185 

175 

a 

3 

4 DF 

24 < 24 « 11.3 

8 

24 

33 

39 

137 

164 


8 DF 

24 ■ 24 - 23.8 

4 

24 

16 

20 

69 

99 

blocks 

blocks 

49.5 > 17.5 - 23.8 

4 

17.5 

8 

16 

46 

84 

and 

and 

49.5 < 24 ■ 23.8 

4 

24 

8 

22 

33 

86 

hollow 

1 hollow 

49.5 - 30 - 23.8 

4 

30 

8 

26 

27 

88 

blocks 

blocks 

37 , 24 - 23.8 

4 

24 

12 

26 

50 

no 



37 v 30 • 23.8 

4 

30 

12 

32 

! 42 

105 



24.5 ■ 36.5 • 23.8 

4 

36.5 

16 

36 

45 

100 


( 12 ) Building 


material requirements for masonry work 










plastic disk (only 
for cavity walls) 




© 


Wire ties for external double 
leaf cavity walls 


© Anchoring of the outer leaf 
> pp. 63-4 


wall thickness (cm) 

17.5 

11.5 

storey height (m) 

• 3.25 

live load (kN/m 2 ) including addition for light dividing walls 

- 2.75 

number of complete storeys above 

4dzj 

2 2 ’ 


Only permissible as intermediate support for one way spanning floors of span 
4.5m; while for two way spanning floors, the smaller span is to be taken 3l . 

Between the bracing walls, only one opening is permitted with a width of ^ 1.25 m. 

'' Including any storeys with walls 11.5cm thick 

* If the floors continuously span in both directions, then the values for the direction 
which results in the lower loading of the walls from the floor should be multiplied 
by 2. 

31 Individual loads from the roof construction imposed centrally are permissible if the 
transference of the loads on to the walls can be proved. These individual loads 
must be - 30kN for 11.5cm thick walls and --50kN for walls which are 17.5cm thick. 


3 ) Supporting internal walls with d < 24cm; conditions of use 


wall 

thickness 

(cm) 

permissible maximum v 
at a height above grounc 

0-8 m 

ilue for openings (m 2 ) 

1 level of 

8-20 m 

20-100 m 


! - 1.0 

! '2.0 

r - 1.0 

r '* 2.0 

v = 1.0 

r '> 2.0 

11.5 

12 

8 

5 

5 

6 

4 

17.5 

20 

14 

13 

9 

9 

6 

■ 24 

36 

25 

23 

16 

16 

12 
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Areas of openings in non-supporting walls {only mortar lla or 111) 


description 

gross 

density 

(kg/m 3 ) 

outer 

walls 

party and 
staircase 
walls 

light hollow concrete blocks 

1000 

300 

300 

two and three chambers 

1200 

365 

240 


1400 

490 

240 

light solid concrete blocks 

800 

240 

300 


1000 

300 

300 


1200 

300 

240 


1400 

365 

240 


1600 

490 

240 

aerated concrete blocks 

600 

240 

365 


800 

240 

365 

autoclaved aerated concrete 

800 

175 

312.5 

large format components with expanded clay. 

800 

175 

312.5 

expanded shale, natural pumice, 

1000 

200 

312.5 

lava crust without quartz sand 

1200 

275 

250 


1400 

350 

250 

light concrete with porous debris structure 

1600 

450 

250 

with non porous additions such as gravel 

1800 

625 

250 


2000 

775 

250 

as above, but with porous additions 

1200 

275 

250 


1400 

325 

250 


1600 

425 

250 
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Minimum thicknesses of external party and staircase walls 
plastered on both sides 


MASONRY 

Bricks and Blocks 

Solid masonry walling comprises a single leaf, where the 
facing work is attached to the background masonry by a 
masonry bond. Each course must be at least two bricks/ 
blocks in depth, between which there is a continuous, cavity- 
free longitudinal mortar joint of 20mm thickness. The facing 
leaf is included in the load-bearing cross-section * p. 63. 

In double leaf walling without cavity, for load 
considerations, only the thickness of the inner leaf is taken 
into account. For calculating the slenderness ratio and 
spacing of the bracing components, the thickness of the 
inner shell plus half the thickness of the outer is used. If 
regulations allow it the cavity can be completely filled 
(double leaf cavity walling with insulating cavity fill). 

Double leaf cavity walling without cavity fill : min. 
thickness of inner leaf > (6); outer leaf > 115mm; the air gap 
should be 60 mm wide; the leafs are connected by ties * 

- (2). The outer leaf must be supported over the whole area 
and attached at least every 12 m. The air gap is to extend 
from 100mm above the ground to the roof, without 
interruption. The outer leafs are to be provided with 
ventilation openings top and bottom, on every 1500 mm 2 
wall area (including openings). Vertical movement joints are 
to be provided in the outer leaf, at least at the corners of the 
building, and horizontal movement joints should be 
provided at the foundation level > (2). 

Reinforced masonry : wall thickness > 115mm; 
block/brick strength classification >12, mortar III; joints with 
<20mm reinforcement; steel diameter < 8mm, < 5mm at 
crossover points. 

Walt types, wall thicknesses : Evidence must be provided 
of required structural wall thicknesses. This is not necessary 
where the selected wall thickness is clearly adequate. When 
selecting the wall thickness, particular attention should be 
paid to the function of the walls with regard to thermal and 
sound insulation, fire protection and damp-proofing. Where 
external walls are not built of frost resistant brick or stone, 
an outer rendering, or other weather protection should be 
provided. 

Supporting walls are predominantly subjected to 
compressive stresses. These panel type structural elements 
are provided for the acceptance of vertical loads (e.g. floor 
and roof loads) and horizontal loads (e.g. wind loads). 


number of permissible full storeys including 
the finished roof structure 

2 

■ 3 

for ceilings that only load single leaf transverse 
walls (partitioned type of construction) and on 
heavy ceilings with adequate lateral distribution 
of the loads 

11.5 1 ’ 

17.5 

for all other ceilings 

24 

24 

11 highest permissible vertical live load including p - 2.75kN/m* 

addition for light dividing walls 


© 


Minimum thickness {in cm) of the internal leaf in double leaf 
masonry external walls 


thickness of 
the supporting 
wall to be 
braced 

(cm) 

storey 

height 

(m) 

bracing wall 

1st and 4th 
storeys from the 
top, thickness 
(cm) 

5th and 6th 
storeys from the 
top, thickness 
(cm) 

spacing 

(m) 

'> 11.5 < 17.5 

< 3.25 



• 4.50 

•'* 17.5 < 24 


• 11.5 

'■ 17.5 

■6.00 




- 24 < 30 

> 3.50 



8.00 

*30 

<■ 5.00 
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Thickness and spacing of bracing walls 








EXTERNAL WALLS 


synthetic resin 
render . 


synthetic resin 


Low-energy Building 
Construction 




io^< 

120-150 
175+240 > 
10 


0.17-0.27 
W/(m 2 K) 


/'Y'') Masonry with bonded 
^ insulation panels 


0.37 

W/(m 2 K) 


(^) Cavity walling 

fibre reinforced 
plaster board 
plywood 

sheet ^ 


cellulose 
insulation 



timber boarding 


0.23 

W/(m 2 -K) 


Low energy wall 
(Heckmann Ecohouse) 

timbcar 

reed boardino^F, A 

insulation — > \lT 

hoard ZZ&ZT \y 


*1 




0.22-0.30 

W/{m 2 -K) 


Concrete with bonded 
insulation panels 


<\| 


022-0.24 

W/(m 2 -K) 


Double skin concrete 


m 


188 ®. 


80+120 
120 - 

Walling with applied 
sheathing 


timber fagade 


>0-100 > \\l lightweight clay blocks 

115-3^\>l^ w°m?K) 

Balloon frame with 
lightweight clay blocks 


SSI 



0.14 

W/(m 2 K) 


A~^\ Timber frame with 

Vs '-' / lightweight clay elements 




VS 


plasterboard 


0.392 0.238 
W/(m?-K) 


22.5-30.5 

0.332-0.209 

W/(m*-K) 


Timber unit wall 
(Lignotrend) 


(15) Variation of >14 


natural 

insulation block 


render 
24 30 

0.48 0.39 
W/{m 2 K) 


365 10 

Natural clay insulation 
^' blocks (Bioton) 






115 

150 
175+24^ 


0.15-0.24 

W/(m 2 K) 


(IT) Aerated concrete cavity wall 


fibre 

reinforced 


synthetic 
resin render 


W/(m 2 K) 

(^) Timber panel construction 

fibre reinforced 
plaster board 


wood 

shavings 

insulation 


lightweight 
clay units 


cellulose 

insulation 


^fibreboardL 
insulation ^ 


X y^ 0.23 

3sXXI^ W/(m 2 -K) 

® Low energy wall with facing 
brick 



0.56 

W/(m 2 K) 


AVv Poroton {clay insulating 
^ block) cavity wall 


The thermal insulation 
characteristics of external 
walls is an important 
element in the saving of 
thermal energy. The insu¬ 
lation provided by low 
energy building construc¬ 
tion is greatly affected by 
the connections between 
the various building compo¬ 
nents. Significant heat 
losses can occur in these 
locations. Standard cross- 
sections depicting various 
types of building materials 
indicate the insulation 
values which can be 
achieved. A large range of 
building materials are 
available, such as concrete, 
masonry, timber, insulation 
materials, plaster, cork, 
reeds and clay. Clay has 
proved itself as a building 
material for thousands of 
years. It is the most 
common and most tested 
material in the world and, 
biologically and ecologically, 
is an exemplary material. 
Finished clay insulation 
products are now available 
and are well suited to 
today's level of technology > 
®-®. 


cavity 

ventilation • 


1 

I 


0.27 

W/(nv'-K> 


^0 

Timber frame (insulation 
between the posts) 



Profiled laminated timber 
log construction 















MASONRY BONDS 



0 English bond 




1 I 


One stretcher, one header; 
'—' alternating with course of 
headers 

, 1 I 1 . 1 =? 

1 ■■ I 1 ^ 



1 , 1 


i ,i ~r 


i l ,~r 


l l ...l J 




' ±^±l 1 


' i 1 i 'i 


I I_1 


(sT) Half-lap stretcher bond (?) Quarter-lap stretcher bond C~^) ^ tretc ^ er bond with 1/4 lap 

rising right 


© Stretcher bond with 1/4 lap 
rising right and left 




1 

1 



I 

iU 

<m 




I 

1 

IN 

y m 

y m> 

'm,. 

mt. 

y m. 







1 



_ 

M 




Brick on edge external leaf 
linked by ties to internal 
leaf 



I 


(j2^) Brickwork with gaps 

(honeycomb) for light or air 
admission (holes 1/2 1/2 

brick) 





© 


1 header; 1 stretcher 
alternating coursewise with 
1/4 bond rising right and left 


(12 


1 header; 1 stretcher 
alternating coursewise with 
1/2 bond rising left 


1/4 brick thick (brick on edge) 
^reinforced wall with 8 brick 
panel wire tie 


(l 4) As 13 , with 3 brick panel 





(19) Ornamental brick wall 


^ 2 q\ Cavity wall of 2\i/4 brick 
^ leafs bonded by header 
bricks on edge 


header bricks on edge 


l 



1 


H§ 

1 

| 

f§ 


!§ 

1 

■ 

|jf 

1 


m 

1 

| 

j| 

■ 

Jj 


@ As 21 with different pattern 
(other versions possible) 


Heavily loaded floor finish 
^ with bricks on edge (herring¬ 
bone pattern as in parquet) 


^ 2 ^ As 23 with quarter pieces 
V '-—^ (weave pattern) 


—— wk 


i i i i 

Vzm 


'fflm Wvm 


i i 

W% 





27) As 25 (holes 1/4 1/2 brick) 


(28) As 25 (holes 1 1/4 brick) 
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FIREPLACES 




© 


Fireplace open on one side 
with safety area 


© 


Fireplaces open on one 
side in separate rooms 




Every open fire must be connected to its own separate flue 
and should be immediately adjacent to the next * g") - 
Flue cross-sections must be matched to the size of the open 
fire » (8). The effective height of the flue from the smoke 
hood to the chimney mouth should be > 4.5m. The angle of 
a connecting flue to the main flue should be 45° . (9^ - oA 
Open fires must not be sited in rooms with less than 12m 2 
floor area. Only wood with a low resin content, and beech, 
oak, birch or fruit tree timber with few knots, should be used 
for burning. In the case of the use of gas appliances, 
reference should be made to the relevant regulations. 

Air for combustion must come from outside and needs 
to be able to enter even if the doors and windows are 
airtight. Air admission openings can usefully be sited in the 
base of the fire, or at the front, and ducts that introduce air 
to a position close to the fireplace opening should be 
provided -* (7). 

The fireplace opening must be separated from 
combustible materials and built-in furniture by at least 
800[t]mm to the front, above and to the sides * (6)-(7). Open 
fires must be constructed from non-combustible materials 
that satisfy local regulations and must be of stable 
construction. The floor, walls and grate and the smoke hood 
should be made from fire clay bricks/slabs, fire resistant 
concrete or cast iron (although the grate and hood are often 
metal). Any bricks or stones used must be of suitable type 
for chimney construction. Smoke hoods can be made from 
2 mm steel brass, or copper sheet. 




'g'N Heat radiation surfaces and 
^ directions 








0-i 


type 

open on 1 side 

open on 2 sides 

open on 3 sides 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

room area 


small 

16- 

22 

30- 

33- 

25- 

35 

over 

35 

45 

over 

(m 2 ) 


rooms 

22 

30 

35 

40 

35 

45 

48 

45 

55 

55 

room volume 

small 

40- 

60- 

90- 

105- 

90- 

105- 

over 

35 

45 

over 

(m :1 ) 


rooms 

60 

90 

105 

120 

105 

150 

150 

150 

150 

200 

size of fire 


2750 

3650 

4550 

5750 

7100 

5000 

6900 

9500 

7200 

9800 

13500 

opening (cm 2 ) 












dimension 


60/ 

70/ 

80/ 

90/ 

100 / 







fire opening (cm) 

46 

52 

58 

64 

71 







diameter (cm) 
of associated flue 

20 

22 

25 

30 

30 

25 

30 

35 

25 

30 

35 

all 

A 

22 5 

24 

25.5 

28 

30 

30 

30 

30 

30 

30 

30 

dimensions 

B 

13.5 

15 

15 

21 

21 

- 

- 

- 




(cm) 

C 

52 

58 

64 

71 

78 

50 

58 

65 

50 

58 

65 


D 

72 

84 

94 

105 

115 

77 


108 

77 

90 

114 


E 

50 

60 

65 

76 

93 

77 

90 

108 

77 

90 

114 


F 

195 

19.5 

22.5 

26 

26 

27.5 

30 

32 5 

27.5 

30 

32.5 


G 

42 

47 

51 

55 

59 

64 

71 

82 

64 

71 

82 


H 

88 

97 

104.5 

120 

129 

80 

88 

95 

80 

88 

95 


1 

6 

6 

6 

7 

/ 

6.4 

6.4 

6.4 

6.4 

6.4 


weight 

165 

80 

310 

385 

470 

225 

300 

405 

190 

255 

360 
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Dimensions and sizes of open fires 




(l2) Fireplace 


tools 
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CHIMNEYS AND FLUES 




® 



0 12/12 
14/14 
16/16 
18/18 
20/20 
25/25 
30/30 



0 13.5 
16 
18 
20 
225 
25 
30 



(9) Modular flue (rear ventilated} (fo) Modu,ar < r ear ventilated) 

with ventilation duct 



© 


Access opening with ladder 
and platform 


A crawling board is 
necessary for roof slopes 


above 15° 



Flues and chimneys are ducts in and on buildings, which are 
intended exclusively to convey the gases from fireplaces to the 
outside over the roof. The following should be connected to a 
flue: fireplaces with a nominal heat output of more than 20kW; 
gas fire places with more than 30kW; every fireplace in buildings 
with more than five full storeys; every open fire and forge fire; 
fireplaces with a means of opening and every fireplace with a 
burner and fan. 

Provision should be made in the foundation plans to support 
the weight of the fireplace, flue and chimney. Flues must have 
circular or rectangular internal cross-sections. The cross-section 
must be > 100cm 2 , with a shortest side of 100mm. Brick flues 
must have a shortest internal side of length > 135mm, the longer 
side must not exceed 1.5 times the length of the shorter. The 
shortest effective flue height > 4m; for gaseous fuels > 4m. The 
mouth of the chimney should be > 400 mm above the apex of the 
roof, where the roof slope is greater than 20° and for roof slopes 
less than 20° this dimension is > 1 m ■ > Where chimneys are 
closer to structures on the roof than between 1.5 and 3 times the 
height of the structure, it must be ensured that they clear the 
structure by at least 1 m. Where the mouth of a chimney is above 
a roof which has a parapet which is not closed on all four sides, 
it must be at least 1 m above the parapet. Every flue must have 
a > 100mm wide by > 180mm high cleaning opening which is at 
least 200 mm lower than the lowest fireplace connection. 
Chimneys which cannot be cleaned from the mouth opening, 
must have an additional cleaning opening in the flue in the roof 
space or in the chimney above the roof. The following materials 
may be used for single skin flues: light concrete blocks, clay 
bricks, lime sandstone -solid bricks, foundry bricks. 

Materials for treble-skinned chimneys, with outer casing, 
insulation layer and moveable inner lining can be formed 
components in light concrete or fireclay for the inner lining; for 
the outer casing, formed components in light concrete, masonry 
stone, bricks with vertical perforations, lime sandstone, foundry 
bricks, or aerated concrete blocks. For the insulating layer, non 
combustible insulating material must be used. Exposed outer 
surfaces of the chimney in the roof space should be provided 
with a rough cast finish of at least 5-10mm thickness. Flue walls 
must not be loadbearing. The chimney can be clad with slates, 
shingle slates or cement fibre sheets. Zinc or copper sheet can be 
fixed to the chimney on to the sub-structure using dowels (not 
wooden dowels). Prefabricated claddings are recommended. 



Length and attachment of 
the crawling board 


Crawling boards are fixed 
more firmly to rafters than 
to the tile battens 


15) Modular flue installation 


Prefabricated flue 

(in storey height lengths) 
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VENTILATION DUCTING 




© 


Single-room extract fan unit 
for concealed installation 



® 


Centralised extract ventilation 
system with exhaust ducted 
via roof 





" 4 A Centralised extract ventilation 
system with primary and 
secondary ducts 



air outlet on two opposite sides; outlet area per 



© 


1 ’j Single duct convection 
ventilation system 


/g"\ Supply and extract 

convection ventilation 


system 


Extract fan units should meet the ventilation requirements 
of bathrooms and lavatories in residential and non- 
residential buildings (such as schools, hotels and guest 
houses) and extract air from one or several rooms into an 
extract duct ->©-©. Ventilation systems should be sized 
for a minimum of 4 complete changes of air in the rooms 
which need to be ventilated. A flow of 60m 3 /h is adequate 
for bathrooms with a toilet and a flow of 30m 3 /h is adequate 
for one toilet. Every internally sited room to be ventilated 
must have a non-closable ventilation opening. The size of 
the area through which air flows must be 100 mm 2 for every 
m 3 of room volume. Gaps around the door may be taken as 
equivalent to 250 mm 2 . In bathrooms, the temperature must 
not fall below 22°C, due to the flow of air. 

The velocity of flow in the living area should be > 0.2 m/s. 
The exhausted air must be led outside. Each individual 
ventilation system must have its own main duct »(§)-©. 

Central ventilation systems have common main ducting 
for a number of living areas -> (4)-®. 

The effective functioning of branching duct convection 
ventilation systems depends essentially on the available 
cross-section area of duct available per connection ♦ ( 9 ). 
The cross-section of the ventilation shaft for single-duct 
systems without mechanical extract > ® in bathrooms and 
WCs without open windows (up to 8 storeys) should be 
1500mm 2 per room. 


clear 

permissible no. of adjacent duct 

internal dimensions 

cross-section 

connections with average 



of the main 

effective total height 


main duct 

auxiliary duct 

duct cm 2 

up to 10m 

10-15m 

over 15m 

(cm) 

(cm) 

340 

5 

6 

7 

20 x 17 

9 x 17 

400 

6 

7 

8 

20 x 20 

12 x 20 

500 

8 

9 

10 

25 x 20 

12 > 20 

340 

5 

6 

7 

20 x 17 

2 x 9/17 

400 

6 

7 

8 

20 x 20 

2 x 12/20 

500 

8 

9 

10 

25 x 20 

2 k12 ■ 20 

340 

5 

6 

7 

2 x 12/17 

9 x 17 

400 

6 

7 

8 

2 x 20/20 

12 x 20 

500 

8 

9 

10 

2 x 25/20 

12 ' 20 


© 


Table of dimensions for branching duct convection systems 


& x 15/10 frzi i. _]| 2 x 15 /iq [r n □ □ 1 3 x i s/i o 

[ cu □□ □] 4 xi5/iq !□ ethid r nlEIlil sxism | rn t_i r~i i i|i : r T j ex 15/10 


lE naaniaail5] 7x 15/10 

(jO) Single duct ventilation 


trlUSBCCCJL. J| 8x15/10 
thin walled - lengthwise; web 
thickness 5cm 


cover with Meidinger disk 



© 


Branching duct ventilation 
system with one main and 


air exit on two opposite sides; exit area 
per side equal to the sum of all duct 
cross-sections 



one auxiliary duct 


auxiliary ducts 
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SERVICES: CONNECTIONS 



1 gas connection 

2 main gas cut-off 

valve 

3 isolator 

4 cut-off valve 

5 gas meter 

6 earthing 

7 heating pipe 

8 drainage pipe 

9 foundation earth 

10 electrical mains 

board 

11 telephone cable 

12 lightning 

conductor 

13 ventilation 

14 water main 

connection 


Mains connection room 



1 inspection chamber 

dia. 1.0 

2 foul water drain 

3 mixed water drain 

4 rainwater drain 

5 mains water 

connection 

6 mains gas 

connection 

7 district heating 

connection 

8 mains electricity 

connection 

9 telephone 

_ connection 


main drainage in road 


ground surface level 



without inspection chamber 


Mains connections 


clear width of manholes 

in m for a manhole 

depth of 

> 0.4 to v 0.8 

>0.8 

{min.) 

(min.) 

0.8 

r» 

0.9 x 0.9 

0.6 x 0.8 

0.8 x 1 

no rungs 

with rungs 


1 shafts above a working height of 2 m 
calculated from the invert level can 
be reduced to a diameter of 0.8m 


example of 
a jointed 
connection 


In houses for one and two families there is no necessity for 
a mains connection room. 

Mains connections rooms should be planned in 
collaboration with the mains service providers. They must be 
in locations which can be accessed easily by all (e.g. off the 
staircase or cellar corridor, or reached directly from outside) 
and they must not be used for through passage. They have to 
be on an outside wall, through which the connections can be 
routed --> ®-(2). Walls should have a fire resistance of at least 
F30 (minutes). Doors should be at least 650/1950mm. With 
district heating schemes, the door must be lockable. A floor 
gully must be provided where there is connection to water or 
district heating mains. Mains connections rooms must be 
ventilated to the open air. The room temperature must not 
exceed 30°C, the temperature of the drinking water should not 
exceed 25°C, and the room must not be susceptible to frost. 

For up to 30 dwellings, or with district heating for about 
ten dwellings, allow the following room size: clear width 
> 1.80m, length 2.00m, height 2.00m ®. For up to 

approximately 60 dwellings or where there is district heating 
for 30 dwellings: 1.80m wide, 3.5m long, 2.0m high. 


, 115 , -800 

I tm im n 95 n95 U 90 n 




Service duct 


1 mechanical ventilation 

bath/WC dia. 100 

2 foul water dia. 100 

3 heating flow DN25 

4 heating return DN25 

5 hot water supply 

DN20 

. 6 hot water return 
DN15 

7 cold water supply 
DN25 

(DN = nominal bore) 


pressure pipe 
with non return 
valve 



f 5 ) Pump box 


back-wash level 


level of top of manhole 
covers of mains drainage 


| ventilation to above roof 


back-wash loop 




invert level of 
connecting drain 

invert level of 
mains drain 


300 x 300 — 
pump sump 


?! I DN 'i 



capacity 

3 

ift (m) 
7 

14 

dimensions 
A 1 B _1 

mm) 

Z 

DN, 

{mm) 

family house 

m 3 /h 

47 

12 

- 

1000 

1000 

450-500 

100 

multi-family home 

m 3 /h 

64 

22 

- 

1800 

1300 

700-850 

125 

large complex 

m 3 /h 

144 

100 

18 

2600 

1950 

800-900 

150 


(3^) Sizes of manholes 


Inspection and cleaning manhole (fT) Pump installation 


BVIMMM 


























ROOF STRUCTURES 





roof slope 
(degrees) 

span L 
(m) 

height of 
structural 
component h 

15-40 

10-20 

h . S 

25 

30-60 

10-20 

h - T . s 

30 


/\ 

/K 

/ 1 \ 

/V 

Ah, 


Couple roofs represent the most economical 
solution for low building widths. 

Collar roofs are never the cheapest for slopes under 
45°, but are suitable for large free span roofs. 

Simply supported roofs are always more expensive 
than couple roofs and are only used in exceptional 
cases. 

Roofs with two hangers (vertical posts) almost 
always are the most economical construction. 

Purlin roofs with three hangers are only considered 
for very wide buildings. 


Roofs form the upper enclosure of buildings, protecting 
them from precipitation and atmospheric effects (wind, 
cold, heat). They comprise a supporting structure and a roof 
cover. The supporting components depend on the materials 
used (wood, steel, reinforced concrete), roof slope, type and 
weight of roof covering, loading, etc. Loading assumptions 
must comply with current regulations (dead-weight, live 
loads, wind and snow loadings). A distinction is made 
between roofs with and without purlins, because of their 
different structural system, and of the different functions of 
the supporting components. However, these two types of 
construction may be combined. The different types of load 
transfer also have consequences for the internal planning of 
the building. 


I 
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Struttess purlin roof with centre hanger 


* 




* 
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ROOF STRUCTURES 



© 


Couple close roof in timber framing with lifetime guaranteed 
glued joints with 45° inclined struts as twinned supports over 



© 


Couple close roof with webbed rafters, glued timber construction; 
ratio of profile height to supported span = 1:15-1:20 



© 


Trussed rafter with 'gang nail' system for flat roof, lean-to roof 
and ridge roof 


In a purlin roof, rafters have a subordinate function (round 
section timber spars also possible for small spans). Purlins 
are load-bearing beams, conducting loads away from the 
rafters to the supports. Regular supports are required for 
the purlins (trusses or cross-walls). Early type: ridge purlin 
with hanger. Double pitch purlin roofs have at least one 
hanger, situated in the centre of the roof. Suitable when the 
length of the rafters < 4.5 m; on wider house structures, with 
rafter length > 4.5m, then two or more purlins with suitable 
vertical hangers are required. A rafter roof (rigid triangle 
principle) is possible in simple form, with short rafters up to 
4.5m. If the rafters' length exceeds 4.5m, intermediate 
support is required in the form of collars. This regular, 
strong system of construction provides a support-free 
internal roof space. Couple close roofs require a strong 
tensile connection between the feet of the rafters and the 
ceiling beams. Sprocketed eaves are a common feature, 
giving a change of angle in the roof slope. Simple couple 
and collar roof construction is unsuitable for large roofs. 
Collar roofs are suitable for building widths to approx. 
12.0m, rafter lengths up to 7.5m, collar lengths up to 4m. 
The collar roof is a three-link frame with a tension member. 
Prefabricated roof trusses are a very common form of 
structure for pitched roofs. While economical in the use of 
timber and light and easy to erect, they have the 
disadvantage of totally obstructing the roof space. 



















BUILDING COMPONCNTS 



rafter 



ROOF STRUCTURES 


rafter 



© 


Rafter ends fixed with 
bolts into downstand beam 



© 


Curb support, sole plate, 
rafter nailing 




© 


Rafter continued to the eaves 


© 


Steel rafter connection 





© 


Dormer window in a purlin roof 



nail plate 



rafter end 

fixing with nail plate 



© Rafter end fixing with bolts 



rafter transmits its load directly 







© 


Ridge details of purlin roof; 
ridge plank to align the 
ridge 


12 


Ridge collar connecting two 
rafters 


^ 2 ) Simple tenon joint 
^ connecting two rafters 


/^ 4 ) Scarf joint connecting two 
^ rafters 
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ROOF FORMS 


ROOF COVERINGS 






Thatched roofs are of rye straw or reeds, hand-threshed 
1.2-1.4m long on battens, 300mm apart with the thatching 
material laid butt-end upwards and built up to a thickness of 
180-200mm. The life of such a roof is 60-70 years in a 
sunny climate, but barely half that in damp conditions. 
Shingle roofs use oak, pine, larch, and, rarely, spruce. Slate 
roofs are laid on > 25mm thick sheathing of > 160mm wide 
planks, protected by 200 gauge felt against dust and wind. 
Overlap is 80mm, preferably 100mm. The most natural 
effect is given by 'German slating' > @. Rectangular 
patterns are more suitable for artificial slates (cement fibre 
tiles) (Q. Tiles: choice of plain tiled, interlocking tiled, or 
pantiled roof or concrete roof tiles with ridge 

capping -> ©. Special shaped tiles are available to match 
standard roof tiles -> (9): 


1 mono-pitch: edge tile, 
corner tile right 

2 eaves tile 

3 mono-pitch roof tile 

4 wall connecting tile 

5 eaves: wall connecting, 
corner tile right 

6 wall connecting tile right 

7 wall connecting tile left 

8 lean-to roof: wall connecting, 
corner tile left 

9 ridge end tile left 


10 ridge and hip tile 

11 edge tile left 

12 eaves edge tile left 

13 ridge connecting edge tile, 
corner tile left 

14 ridge starting tile right 

15 ridge edge connecting tile 
corner tile right 

16 ridge connecting tile 

17 edge tile right 

18 eaves edge corner tile right 




Mansard roof, polygonal 
planform 






Double roof (plain tiles) 
heavy roofing, 0 . 6 kN/m 2 , 
34-44 tiles/m 2 



(15 


Concrete roof tiles, 0.6-0 .8 
slope 18° kN/m 2 


1 2 3 4 5 6 7 8 9 10 11 12 11 13 14 15 16 17 18 




/j 0 \ Pantile roof, lighter, 
^ 0.5 kN/m 2 




Interlocking tile roof, 
0.55 kN/m 2 
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ROOF COVERINGS 




components 0.2 kN/m 2 

—- 920 - 


10" slope with jointing/filling material 

Min. roof slope and sheet 
overlap * (T) 


57 s 


roofing 

width 


_ exposed 
width 


length (mm) 

2500 

2000 

1600 

1250 

thickness 6.5 

width (mm) 

920 

920 

920 

920 

weight 16 32 kg 


3£ . 



length (mm) 

2500 

2000 

1600 

1250 

thickness 6 0 

width (mm) 

1000 

1000 

1000 

1000 

weight 15.8 31.5 



/©N Corrugated fibre cement 



(7) Fixing arrangements 



Sheet roofing; welted joint 
V '—-^ construction 0.25 kN/m 2 


© Steel pantile roofing 
0.15 kN/m 2 


| n2%)] [ 3° (5%) 1 


length (mm) 

9000 

7500 

4000 

thickness 8.0 

width (mm) 

1000 

1000 

1000 

weight 19 kg/m 


— panel width 100 — 

- effective width 91 6 _ 
-fixing 


Large elements for roof 
and wall (Canaleta) 

roof drainage 

W l_| 

semicircular rectangular 


lying 



V? corrugation standard 
1 corrugation 
1V 2 corrugations 


roof depth 
eaves/ridge 

profile ht 
18-25 mm 

26-50 mm 

up to 6m 
6-10 m 
10-15m 

over 15m 

10" (17.4%) 
13" (22.5%) 
15" (25.9%) 
17" (29.2%) 

5" (8.7%) 

8" (13.9%) 

10" (17.4%) 

12" (20.8%) 

8-10" 

200mm with sealing of overlap 

10-15" 

150mm without sealing of overlap 

over 15" 

100mm without sealing of overlap 


Min. slope: corrugated 
sheet roof, side overlap 


supplied form 

rolls 

panels 

length (m) 

30-40 

2.0 

max. width <m> 

0.6 (0.66) 

1.0 

thickness (mm) 

0.1-2.0 

0.2-2.0 

specific wt (kg/dm*) 

8.93 

8.93 


10 


Form and dimensions of 
rolled copper for strip and 
sheet roofing 


Cement fibre sheet roofs have corrugated sheets with 
purlins 700-1450mm apart with 1.6m long sheets, or 
1150-1175mm with 2.50m long sheets. Overlap: 
150-200mm > ©-©. Metal sheet roofs are covered in zinc, 
titanium-coated zinc, copper, aluminium, galvanised steel 
sheet, etc. ->© + ©. Many shapes are available for ridge, 
eaves, edge, etc. Copper sheet comes in commercially 
produced sizes > ©. Copper has the highest ductility of all 
metal roofings, so it is suitable for metal forming 
operations, pressing, stretching and rolling. The 
characteristic patina of copper is popular. Combinations 
involving aluminium, titanium-coated zinc and galvanised 
steel should be avoided, combinations with lead and high 
grade steel are quite safe. Copper roofs are impervious to 
water vapour and are therefore particularly suitable for cold 
roofs -» p. 81. 

Roof load: calculation in kN per m 2 of roof surface. Roof 
coverings are per 1 m 2 of inclined roof surface without 
rafters, purlins and ties. Roofing of roof tiles and concrete 
roof tiles: the loadings do not include mortar jointings - add 
0.1 kN/m 2 for the joints. 


Plain tiles and plain concrete tiles 

for split tiled roof including slips 0.60 

for plain tiled roof or double roof 0 80 

Continuous interlocking tiles 0.60 

Interlocking tiles, reformed pantiles, interlocking pantiles, flat roof tiles 0.55 

Interlocking tiles 0.55 

Flanged tiles, hollowed tiles 0.50 

Pantiles 0.50 

Large format pantiles (up to 10 per m 2 ) 0 50 

Roman tiles without mortar jointing 0.70 

with mortar jointing 0.90 

Metal roofing aluminium roofing (aluminium 0.7mm thick) 

including roof boards 0 25 

Copper roof with double folded joints (copper sheet 0.6mm thick) 

including roof boards 0.30 

Double interlocking roofing of galvanised sheets (0.63mm thick) 

including roofing felt and roof boards 0 30 

State roofing - German slate roof on roof boards including roof felting 

and roof boards with large panels (360mm ■> 280mm) 0.50 

with small panels approx. (200mm \ 150mm) 0.45 

English slate roof including battens on battens in double planking 0.45 

on roof boards and roofing felt, including roof boards 0.55 

Old German slate roof on roof boards and roofing felt 0.50 

double planking 0.60 

Steel pantile roof (galvanised steel sheet) 

on battens - including battens 0.15 

on roof boards, including roofing felt and roof boards 0.30 

Corrugated sheet roof (galvanised steel sheet) including fixing materials 0.25 

Zinc roof with batten boards - in zinc sheet no. 13, including roof boards 0.30 


roof area to 
be drained: 
semicircular 
guttering 
(m 2 ) 

guttering 

diameter 

(mm) 

drain 

channel 

section 

width 

(mm) 

up to 25 

70 

200 

25-40 

80 

200 (10 parts) 

40-60 

80 

250 (8 parts) 

60-90 

125 

285 (7 parts) 

90-125 

180 

333 (6 parts) 

125-175 

180 

400 (5 parts) 

175-275 

200 

500 (4 parts) 

General rule: guttering should be 
provided with a fall to achieve greater 
flow velocities to combat blockages, 
corrosion and icing. Guttering supports 
are usually of flat galvanised steel in 
widths from 20 to 50mm and 4-6mm 
thick. 


roof area to 

diameter 

section 

be drained: 

of 

width 

round drain 

drainpipe 

of sheet 

pipe 


metal pipes 

(m 2 ) 

(mm) 

(mm) 

up to 20 

50 

167(12 parts) 

20-50 

60 

200 (10 parts) 

50-90 

70 

250 (8 parts) 

60-100 

80 

285 (7 parts) 

90-120 

100 

333 (6 parts) 

100-180 

125 

400 (5 parts) 

180-250 

150 

500 (4 parts) 

250-375 

175 


325-500 

200 


Fixing by means of pipe brackets 
(corrosion protected) whose internal 
diameter corresponds to that of the 
drain pipe; minimum distance of drain 
pipe from wall = 20 mm; pipe brackets 

separated by 2.0m 



Standard sizes: guttering v. Standard sizes: drain pipes v. 

^ surface area to be drained surface area to be drained 







DORMERS 




When gable windows do 
not allow sufficient light into 
the attic then roof windows 
or dormer windows are 
required. The size, form and 
arrangement of dormers 
depend on the type of roof, 
its size and the light 
requirement. 

Dormers should all be of 
the same size and shape if 
possible. The shape, mater¬ 
ials used and the consistent 
use of details ensure har¬ 
monious integration into 
the roof slope. Normally, to 
avoid expensive trimming 
of rafters, the width of the 
dormers should conform to 
the rafter spacing. 
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WIWIM COMPONENT* 





LOFT SPACE 






(T) Examples of ventilated roofs - roof sloping at < 10° (schematic) 



/^\ Ventilation of the roof 
^ ^ space through joints in the 


wood facia 



. ventilation 
tile 


® 


7 ) Concrete roof 


concrete 
’ tiles 






$ 

V/ 


1 

\ 

yi 





\ 

I— under structure 
— thermal insulation 

L 

\ _ 

— counter battens 



■ thermal insulation 

■ rafters 
sheathing 

(?) Wooden roof construction 



■ thermal insulation 
rafters 



Unoccupied roof space in old Alpine farmhouses served as 
'stores' for the preservation of harvested crops (hay, straw, 
etc.}. They were open at the eaves, so that cold external air 
circulated around the roof area, the temperature being little 
different from the outside + ©, so that snow would lie 
uniformly distributed on the roof. The living rooms below 
were protected from the cold by the goods stored in the 
roof space. If the roof space was heated, without adequate 
thermal insulation, the snow would melt and ice would 
build up on the roof -> (2). The installation of thermal 
insulation material under the ventilated roof alleviates the 
situation. Openings are arranged on two opposite sides of 
the ventilated roof space, each equivalent to at least 2% of 
the roof area which is to be ventilated. So that dampness 
can be removed, this corresponds on average to a slot 
height of 20 mm/m ► (§)- 
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Dimensions of double pitch 
roof 


calculation 

Example: 
eaves 



Condition: 

5 2°/oo of the associated inclined roof 
surface A1 or A2 
However, at least 200cm 2 /m 
A l = ventilation cross-section 
A l eaves > 2 /iooox 9.0 = 0.018m 2 /m 
= 180cm 2 /m 

Since, however, 180cm 2 /m is less than 
the required minimum cross-section of 
200cm 2 /m, the minimum value must be 
taken. 


Measurement: 

A t eaves > 200cm z /m 


Application: 

Determination of the height of the 
ventilation slot of the unrestricted air 
space to be ventilated, allowing for the 
8cm wide rafters, with A L - 200cm 2 /m: 


Height: 

Ventilation slot H ( 

H l 


required A ( 
100 - ( 8 + 8 ) 
200 

100 - 16 


H l > 2.4cm 

On a double pitch roof with a rafter 
length < 10m, the value of > 200cm 2 /m 
applies, for the eaves (A L eaves) 

On double pitch roofs with rafter lenqth 
> 10m 

A l eaves > 2 /iooox Al or A2cm 2 /m 


Example: 

ridge 


Condition: 

> 0.5°/oo of the associated sloping roof 
surface A1+ A2 

Calculation: 

A l ridge = 05 /iooox (9.0+9.0) = 0.0009 m 2 /m 
= 9cm 2 /m 

Measurement: 

A t ridge = 9cm 2 /m 
Application: 

Ridge elements with ventilation cross- 
section and/or vent tiles according to 
manufacturer's data. 


LTV] 

m 



dimension to be considered is the ventilation 
cross section between the thermal insulation 
and the underside of the roof assembly 
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Roof construction: insulation 
between the rafters 

calculation 



Example: 

remaining 
roof surface 


Free ventilation cross-section A t 200cm 2 
Free height * 2cm 


Calculation: 
Height of the 
ventilation area 


required A, 
100 - (8 + 8 ) 
200 

100 - 16 


The space under the sarking felt must be 
taken into account, i.e. with a 2cm 
height, the distance from the upper edge 
of the thermal insulation to the upper 
edge of the rafter must be at least 4.4cm 


Example: 

equivalent air layer 
diffusion thickness 


Condition: 

a = length of rafters 

s (j = equivalent air layer diffusion 

thickness 

a < 10m: s tJ 2 m 

a < 15m: s d > 5m 

a > 15m: s d "=• 10 m 

with s d = pm*s (m) 

p = water vapour 

Coefficient of diffusion resistance 

s = material thickness (m) 

Application: 

(a) Rigid polyurethane foam (8cm thick) 
s = 8cm = 0.08 m 

p = 30/100 

s d = 30 x 0.08 = 2.4 m 
s {1 required = 2m 

(b) Mineral fibre insulating mat with 
laminated aluminium foil (by enquiry to 
manufacturer) 

s = 8cm 

s d = 100m > s d required = 2m 

By using a suitable insulation, the 
requirement s (1 = 2m can be easily met. 
The equivalent thickness s (i of the 
insulation system is best obtained by 
enquiry to the manufacturer. 
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Wooden roof with 
suspended ceiling 


4g\ Double layer cold roof: 
^ exhaust of both air flows 
through slots in the facia 
board 
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Example: calculation of the ventilation cross-section of a ridge roof 


















paved roof for walking on 

2 

- 4' 

usually 

3 

- 4- 

wood cement roof 

2.5 

- 4 

usually 

3 

- 4" 

roof with roof felting, gravelled 

3' 

30 

usually 

4 

- 10 

roof with roof felting, double 
/inc. double upright folded joints 

4' 

- 50 

usually 

6 

. 12 - 

(standing seams) 

3' 

90’ 

usually 

5" 

- 30 

felted roof, single 

8 

- 15' 

usually 

10 : 

- 12 

plain steel sheeted roof 

12' 

18" 

usually 

15" 


interlocking tiled roof. 4 segment 

18 

- 50" 

usually 

22" 

- 45' 

shingle roof (shingle canopy 90 ) 

18 

21 

usually 

19 

- 20 

interlocking tiled roof, standard 

20 

- 33- 

usually 

22 


/me and steel corrugated sheet roof 

18 

35 

usually 

25" 


corrugated fibre cement sheet roof 

5" 

- 90" 

usually 

30- 


artificial slate roof 

20' 

- 90 

usually 

25" 

- 45' 

slate roof, double decked 

25 

- 90" 

usually 

30 

- 50" 

slate roof, standard 

so- 

- 90' 

usually 

45" 


glass roof 

so 

- 45" 

usually 

33" 


tiled roof, double 

30 

- 60" 

usually 

45" 


tiled roof, plain tiled 

35 

- 60" 

usually 

45" 


tiled roof, pantiled roof 

40 

- 60" 

usually 

45" 


split stone tiled roof 

45" 

- 50" 

usually 

45" 


roofs thatched with reed or straw 

45" 

80" 

usually 

60" 

- 70' 


© Roof slopes 


temperature difference 



© 


(Dwater precipitates out from air if the air is cooled below the dew point; 
the temperature difference between the room air and the dew point 
(dependent on the water vapour content of the room airfcan be expressed 
as a percentage 'x' of the temperature difference between inside and 
outside 3 

{2)the temperature difference between inside and outside depends on the 
structural layers and air, in accordance with their contribution to the 
thermal insulation 

(3)if the fraction by which the layers on the inside of the condensation barrier 
contribute to the thermal insulation 'x and y' remains less than the 
percentage V, then the temperature of the condensation barrier remains 
above the dew point and no condensation can occur. 



living rooms 

20"C, 60% rel. humidity 

swimming bath 

30"C, 70% rel. humidity 

outside temperature 

-12 

-15 

-18 

-12 

-15 

-18 

(%> 

25 

23 

21 

15 

14 

13 


® 


Maximum contribution 'x' to the thermal insulation of a building 
component, which the layers on the inside of the condensation 
barrier, including the air boundary layer, can have so as to avoid 
condensation. 


example; 

living room 20‘760% rel. humidity 
outside temperature 
concrete layer 20cm 1/C 
air boundary layer inside 1/u 
layers up to the vapour barrier 
0.215 23%; 100% 

outer insulation of • 0.94-0.215 ’ 0.725 
densation 


-15"C, x = 23% 
= 0.095 m 2 K/W 
= 0.120m 2 K/W 
= 0.215m 2 K/W 
= 0.94m 2 K/W 

3cm Styrofoam on the vapour barrier = no con- 



5cm washed gravel 7/53 on double hot applied coating 
glass mesh, bitumen paper 3 kg/m 2 

glass wool layer No. 5 in 3 kg/m 2 filled bitumen (pouring 
and rolling process) 

500 jute felt, bitumen roof felting in 1.5kg/m 2 bitumen 
85/25 (fold-over process) 

balancing layer (ribbed felting) against bubble formation 
thermal insulation ( '• 20kg/m 3 ) 

1.5kg/m 2 bitumen 82/25 applied to vapour barrier, this in 
3.5kg/m 2 filled bitumen (pouring and rolling process) 


glass wool porous layer (loosely laid) 
bitumen prior application 0.3kg/m 2 
concrete deck, possibly to falls 


© 


Ideal layout of a warm roof 


roof weight 

required thermal resistance 

100 kg/m 2 

0.80m 2 

■ K/W 

50 kg/m 2 

1.10m 2 

• K/W 

20 kg/m 2 

1.40m 2 

• K/W 
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Insulation values for flat roofs 


ROOF SLOPES AND FLAT ROOFS 

Cold roof > p. 81: constructed with ventilation under roof 
covering; critical in respect of through flow of air if the slope 
is less than 10%, therefore, now only used with vapour 
barrier. Warm roof in conventional form * (4): (construction 
including a vapour barrier) from beneath is roof structure - 
vapour barrier - insulation - weatherproofing - protective 
layer. Warm roof in upside-down format > p. 81: 
construction from beneath is roof structure 
weatherproofing - insulation using proven material - 
protective layer as applied load. Warm roof with concrete 
weatherproofing > p. 81: built from underneath: insulation 
- concrete panels as roof structure and waterproofing 
(risky). Solid slab structure - must be arranged to provide 
room for expansion due to heat; consequently, flexible 
joints arrangement over supporting walls > p. 80 © - (8) and 
separation of internal walls and roof slab (Styrofoam strips 
are first attached by adhesive to the underside of the slab). 
Prerequisites for correct functioning: built-in slope > 1.5%, 
and preferably 3% (or a build-up of surface water can 
result). 

Vapour barrier: if possible, as a 2mm roof felt 
incorporating aluminium foil on a loosely laid slip layer of 
perforated glass fibre mat on top of the concrete roof slab, 
treated with an application of bitumen solution as a dust 
seal. The vapour barrier is laid as far beneath the roof build¬ 
up as required to exclude condensation > (2) + @- 

Insulation of non-rotting material (foam); see 
dimensions in -> (4); two-layer arrangement or single layer 
with rebated joints: ideally, interlocking rebates all round. 

Roof membrane on vapour permeable membrane 
(corrugated felting or insulating layer to combat bubble 
formation), triple layer using the pouring and rolling 
technique with two layers of glass fibre based roofing felt 
with a layer of glass fibre mat in between, or two layers of 
felt using the welding method with thick bitumen course 
(d > 5mm). A single layer of sheeting is permissible, but due 
to risk of mechanical damage caused by the thinness of the 
layer and possible faulty seams, two layers offer additional 
safety. 

Protective layer should consist, if possible, of a 50mm 
ballast layer with 15-30mm grain size on a doubled hot 
brush applied layer on a separating membrane; prevents 
bubble formation, temperature shocks, mechanical 
stresses, and damage from UV radiation. Additional 
protection with 8-mm layer of rubber shred sheeting under 
the ballast layer. The joints should be hot sealed (a basic 
prerequisite for terraces and roof gardens). 

Essential detail points 

Outlets > p. 80 > ® - @ always thermally insulated, two 
draining levels, with connection also at the vapour barrier, 
to form an outlet then sealed against the drain pipe. For 
thermally insulated discharge pipe with condensation layer 
> p. 80 (4) for prevention of damage due to condensation. 
The surface slope to the intakes should exceed 3%. A 
'ventilator' for the expansion layer is not required. The 
flexible joint should be continued to the edge of the roof * 
p. 80 (5) - (8). The edge details must be flexible, using 

aluminium or concrete profiles » p. 80 > (5) - (8); zinc 

connections are contrary to technical regulations (cracking 
of roof covering). Wall connection should be > 150 mm 
above the drainage level and fixed mechanically, not by 
adhesive only. If steel roof decking is used as a load-bearing 
surface, the roof skin may crack due to vibration; 
precautions are required to increase the stiffness by using a 
thicker sheet or a covering of 15mm woodwool building 
board (mechanically fixed), to reduce the vibrations (gravel 
ballast layer) and crack resistant roof sheeting! The vapour 
barrier on the decking should always be hot fused (due to 
thermal conduction). 
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FLAT ROOFS 

Warm Roof Construction 



waterproofing fayer 


. sieve insert 


mmi 

— 1 

P 

•y.v.'.v 

j 

- 

> 

— downpipe 


© 


^ j Roof drainage - at least 2 
outlets - slope 3% 


aluminium facia 


Flat roof outlet in glass-fibre 
reinforced polyester with 
prefabricated insulation; 
better: two stage -» (3) 




/'g'N Flat roof edge with open 
^ sliding joint 


© 



Flat roof edge with 
concealed sliding joint 
{slide track} 



© 


g ^ Protective layer - double 
layer gravel bedding; 
better: ballasting 


10 


Wall connection zinc sheet 
angle and flashing 




13 


14 


Wall connection in the 
vicinity of a terrace door 

wiring clamp on seating strip 

lightning conductor 
jncrete base 15/15/8 

t waterproof 
p membrane 
insulation 
; concrete 
i plaster 

Installation of the lightning conductor 6/6cm 
on concrete blocks without 
penetrating the waterproofing layer 

- waterproofing — concrete beam 

-. *’ t.25 mL. 


concrete slab 
thermal insulation 
waterproof membrane 
slabs on setting blocks 


Wall connection, better 
with door threshold at the 
level of the upstand 



joint capping 


clip, spacing 
750mm, fixed 
i one side 



[ L4/7 ribbed decking 

Raised expansion joint with 
additional protection 


cold roof 


Movement joint with 
^ supporting construction 
and capping 


insulation, non compressible 

-flang e sea ling for vapour barrier 

- flange sealing 

— insulating ring 
^covering 



i 1 — 


Two-stage outlet with flange 
sealing and foam glass 
insulation material, underside 
embedded in concrete 
{'Passavant') scale 1:10 
roof edging profile lightweight concrete 

" prefabricated component 
insulation 
r waterproofing 



© With insulated down pipe 


(aluminium) 


edge upstand 
(lightweight concrete' 
spacer component 
at intervals 



plaster 
concrete 
1 — insulation 
waterproofing 


(^) Concealed roof edge 


masonry 

Concrete edge profile 




Wall connection: flanged 
v —'^ connection with anchorage 
and Hespen rail 


@ 


Wall connection with FD 
sealing strip {walkway} 

■ aluminium edge profile 
timber 

waterproof membrane 




Double skin dome with 
ventilation gap -» p. 159 


humus 30-35cm 




1 layer of straw or glass 
fibre filter layer 
gravel, mica or small 
sired pearl coke 10-20cm 
protective layer 
waterproof membrane 

_ insulation 

sloped concrete 

///^ — co nc rete 


Roof garden on a warm 
^ roof - protective layer 
could be replaced by 
shredded rubber sheet 


suspended ceiling 
sliding doors 


Indoor swimming poof with 
insulated sandwiched panel 
fascia 


. suspended panel 
15cm above waterproof 
membrane 



( 21 , 


Chimney connection with 
suspended facia panel 






































































aluminium edge profile 
tight concrete 
vapour barrier + slip layer 
thermal insulation 
waterproof membrane 
shingle 


plaster 

thermal insulation 
1 — concrete roof 
(waterproof) 

sliding bearing 

insulation 

plaster 


/0N Waterproof concrete roof 
(Woermann roof} 


5 cm shingle 15.30 or 
cornice walkway paving 

— pre fabricated f~ on setting blocks 

lightweight abated insulation 

concrete T boartJs 

component , | waterproof membrane 



plaster 
1— concrete 
— sliding bearing 
masonry 


Flat roof construction 


t— insulation 

- waterproof membrane 3 layer felting 
r shingle layer 



© 


Warm roof with glue- 
laminated beams and 
sheathing of planed planks 





0 





plaster 
concrete 
plaster profile 
sliding bearing 
masonry 
plaster 


Flat roof with membrane 
waterproofing 


position of ventilation 
,— opening on the opposite 
1 SK j e wood planking 

waterproof membrane I 



© 


Cold roof in timber 
construction 


. wood planking 
- waterproof membrane - 
' gravelling 



I [_ concre 
I I—. plaster 


© 


concrete 
plaster 
insulation 

Cold roof - heavy 
construction 


drain cage trap 
- 3 layers of 
roof felting 


plaster I ‘ concrete 

Additional ventilator in a cold 
roof for oversized roof areas 
and for ventilation at the 
connection to taller structural 
components 
.wood planking 

I waterproof membrane 3 layers 



Cold roof - light construction 

single roof membrane layer -j 
metal sheeting 

ice formation 


down pipe 


Cold roof - flat roof outlet, 
insulated in void 


asbestos-containing 

cement 

ventilation (pool hall) 
thermal insulation 
roof batten 
squared timber 
A! vapour barrier 
planking 
bitumen 
felting 


Cornice of pre-fabricated 
components; if the 
ventilation opening is too 
large a projection, it may 
freeze over 



^ -j j Ridge ventilation on a 

sloping cold roof {indoor 
swimming pool} 


FLAT ROOFS 

Cold Roof Construction 

Roof terrace surfaces are loose laid in a bed of shingle or on 
block supports. Advantage: water level is below surface; no 
severe freezing. Roof garden has surface drainage through 
drainage layers, ballasting of shingle or similar, with a filter 
layer on top - > p. 80 ®. 

Roofs over swimming pools, etc. are suspended ceilings with 
ventilated or heated void; see Table (3) > p. 79. Usually, the 

contribution of all layers up to the vapour barrier, including the air 
boundary layer, gives a max. 13.5% of the resistance to heat 1/k. 

On wood -> © is a simple solution, and good value for 
money. NB: insulation above the vapour barrier should be 
thicker than with a concrete roof, not only due to the low 
surface weight, but also because the contribution of the layers 
up to the vapour barrier {air boundary layer + wood thickness) 
would otherwise be too high. 

An inverted roof > © is an unusual solution with long-term 
durability (up to now, however, only achievable with various 
polystyrene foam materials). Shingle alone as the upper roof 
layering is insufficient in certain cases; it is better to have a 
paved surface. Advantage: quickly waterproof, examination for 
defects is easy, no limit to use. Insulation 10-20% thicker than 
for a normal warm roof. 

With a concrete roof > 0 , due to the position of the 
insulation, condensation occurs in certain conditions, which 
always dry out in the summer; unsuitable for humid rooms. The 
risk is dependent on the care taken by the manufacturer to avoid 
cracks due to the geometry (shrinkage) and solving the problem 
of connections to, and penetrations of, the concrete. 

A completely flat cold roof -»©-(§) is only allowable with 
vapour barrier: diffusion resistance pp. 111-14 of the inner 
skin > 10 m; the air layer here is only for vapour pressure 
balance, analogous to the warm roof, as it does not function 
properly as a ventilation system unless the slope is at least 10%. 
Layer sequence > (6) and ®. NB: inner skin must be airtight; 
tongue and groove panelling is not. Insulation * p. 79. 
Waterproofing as for warm roof * p. 80. Slope > 1.5%, 
preferably 3% - important for drainage. Inlets should be 
insulated in the air cavity region; use insulated inlet pipes * ®. 
it is necessary for the vapour barrier to be unbroken (tight 
overlapping and wall connections, particularly for swimming 
pools; unavoidable through-nailing is permissible). 

On light constructions, the internal temperature range 
should be improved by additional heavy layers (heat storage) 
under the insulation. Unfavourable internal temperature range: 
temperature fluctuations almost the same as those outside 
implies an internal climate similar to that of an unheated army 
hut; this cannot be improved by thermal insulation alone. A 
quick response heating system and/or additional thermal mass 
is required. For the artificial ventilation of rooms under cold 
roofs, always maintain a negative pressure; otherwise, room air 
will be forced into the roof cavity. 


-— - — undercoating 


glued component - 
complete surface 


11! itiTTTTT 


glued component 
isolated areas or strips 


tii ks* db l ai 


vapour barrier 
levelling course or anti 
pressure compensating 
layer 

waterproofing 

membrane 


waterproofing membrane 
with fabric inlay 


-.waterproofing membrane 
“with metal inlay 

waterproofing membrane 
2 with plastic film inlay 


plastic membrane 


bitumen/welded sheet 



thermal insulation 


filling layer 


„ surface protection with 
“chtppings 


^surface protection with 
gravel ballasting 


(\ 2 ) Key 


to representation of roof 


covering components 
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2A Overheated, dry town air 



© 


Production of dust and 
dust swirling -> (8) 



Sound reflection on 'hard 
surfaces' » 10 



Roof garden in the form of 
a collection of plant 
containers on balconies 
and roof terraces 




a 'green' roof 


© 


Cooler and moister air due 
to energy consuming plant 



Improvement of city air due to 
filtering out and absorption of 
dust and due to oxygen 



A"g\ Sound absorption due to the 
soft planted surface 


ROOF GARDENS 

History 


The concept of roof gardens and roof cultivation had 
already been exploited by the Babylonians in biblical times 
by 600 bc. In Berlin, in 1890, farm house roofs were covered 
with a layer of soil as a means of fire protection, in which 
vegetation seeded itself. Le Corbusier was the first in our 
century to rediscover the almost forgotten green roof. 

The characteristics of roof cultivation 

1 Insulation by virtue of the layer of air between blades 
of grass and through the layer of soil, with its root 
mass containing microbial life processes (process 
heat). 

2 Sound insulation and heat storage potential. 

3 Improvement of air quality in densely populated 
areas 

4 Improvements in microclimate 

5 Improves town drainage and the water balance of the 
countryside 

6 Advantageous effects for building structures: UV 
radiation and strong temperature fluctuations are 
prevented due to the insulating grass and soil layers 

7 Binds dust 

8 Part of building design and improves quality of life 

9 Reclamation of green areas 



Distribution of 
precipitation - consolidated 
surfaces 12 





surfaces 




With the construction of 
every house, a part of the 
countryside is lost -> 14 



Natural cycle of water and 
^ nutrients 


A major proportion of the 
lost ground area can be 
regained by cultivating the 



/© Psycho-physiological value of 
cultivated areas (the feeling 
of well being is positively 
influenced by the areas of 
greenery) 








































ROOF GARDENS 



l/AV/iV/.v/.v/.v.v.v.v separating layer \y!J 

Layer construction of a 
cultivated roof 



^ Plant containers forming the 
J boundary of a cultivated area 

sMih}, * 


® 


insulating mat 
two root protection/ 
waterproof membranes 

Zinco Floraterra roof 
cultivation system 



Roof slope 

The slope of a double pitch roof should not be greater than 
25°. Flat roofs should have a minimum slope of 2-3%. 

Types of roof cultivation 

Intensive cultivation: the roof is fitted out as a domestic 
garden, with equipment such as pergolas and loggias; 
continual attention and upkeep are necessary; planting - 
grass, shrubs and trees. Extensive cultivation: the 
cultivation requires a thin layer of soil and requires a 
minimum of attention; planting - moss, grass, herbs, 
herbaceous plants and shrubs. Mobile cultivation: plants in 
tubs, and other plant containers serve for the cultivation of 
roof terraces, balustrades and balconies. 

Watering 

Natural watering by rain water: water is trapped in the 
drainage layer and in the vegetation layer. Accumulated 
water: rain water is trapped in the drainage layer and is 
mechanically replenished if natural watering is inadequate. 
Drip watering: a water drip pipe is placed in the vegetation 
or drainage layer to water the plants during dry periods. 
Sprinkling system: sprinkling system over the vegetation 
layer. 

Fertiliser 

Fertiliser can be spread on the vegetation layer or mixed 
with the water during artificial watering. 


filter material 
Roradrain element 
insulating mat 
two root protection/ 
l waterproofing 
membranes 
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thermal insulation 
vapour barrier 

Zinco Floradrain roof 
cultivation system 



botanical name 

English name 
(colour of the flower) 

height 

flowering 

season 

Saxifraga aizoon 

encrusted saxifrage 
(white-pink) 

5cm 

VI 

Sedum acre 

biting stonecrop (yellow) 

8 cm 

vi vn 

Sedum album 

white stonecrop (white) 

8cm 

VI VII 

Sedum album 'Coral Carpet' 

white variety 

5cm 

VI 

Sedum album 'Laconicum' 

white variety 

10cm 

VI 

Sedum album 'Micranthum' 

white variety 

5cm 

VI VII 

Sedum album 'Morale' 

white variety 

8cm 

VI Vll 

Sedum album 'Cloroticum' 

(light green) 

5cm 

VI VJI 

Sedum hybr. 

(yellow) 

8 cm 

Vl-VII 

Sedum floriferum 

(gold) 

10cm 

VI11-IX 

Sedum albumreflexum 'Elegant' 

rock stonecrop (yellow) 

12cm 

Vl-VII 

Sedum album sexamgulare 

(yellow) 

5cm 

VI 

Sedum album 'WeiSe Tatra' 

bright yellow variety 

5cm 

Vi 

Sempervivum arachnoideum 

cobweb houseleek (pink) 

6cm 

Vi Vll 

Sempervivum hybr. 

. selected seedlings (pink) 

6cm 

Vl-VII 

Sempervivum tectorum 

houseleek (pink) 

8 cm 

Vl-VII 

Pelosperma 

; (yellow) 

not fully winter hardy 

8 cm 

: VI Vll 

Frestuc glauca 

blue fescu (blue) 

25 cm 

; VI 

Festuca ovina 

sheep's fescu (blue) 

25cm 

VI 

Koeleria glauca 

opalescent grass (green/silver) 

25cm 

VI 

Melicia ciliatx 

pearl grass (light green) 

30 cm 

V VI 


g j Proven categories and varieties of plants for roof cultivation 
(extensive) 


growth height > 250cm 
build-up height from 
35 cm 

surface loading 3.7kN/m ? 
water supply 170 I/m 2 
mulch layer - cm 
soil mixture 23cm 
drainage layer 12cm 
watering, by hand or 
automatic 



up to 250cm 

5-25 cm 

5-20 cm 

5-20 cm 

5-10 cm 

19—35 cm 

14 cm 

12 cm 

12 cm 

10 cm 

1.9-3.7 kN/m 2 

1.4 kN/m 2 

1.1 kN/m 2 

1.15 kN/m 2 

0.9 kN/m 2 

80-1701/m 2 

60 I/m 2 

45 I/m 2 

40 1/m 2 

30 I/m 2 

-cm 

- cm 

1 cm 

-cm 

1 cm 

7-23 cm 

5 cm 

4 cm 

7 cm 

4 cm 

12 cm 

9 cm 

7 cm 

5 cm 

5 cm 

by hand or automatic 

by hand or automatic 

by hand 

by hand 

by hand 


1 mulch layer 

2 soil mixture 

3 filter mat 

4 drainage layer 

5 root protection membrane 

6 separation and protection layers 

7 roof sealing 

8 supporting construction 


® 


Various types of roof cultivation 








































ROOF GARDENS 

Roof Construction 



vegetation — 

vegetation layer _ 

filter layer _ 

drainage layer _ 

protective layer —. 

root protection layer _ 

separation layer | 

_r~ waterproof membrane _!= 

t- separation layer _T 

-thermal insulation— 

—— vapour barrier — 
^compensating layer - 
- roof structure — 



© Warm roof with cultivation 



vegetatior 
vegetation layei 
filter layei 
drainage layei 
protective layei 
root protection layei 


t layer -s 

r layer - 1 

e layer —J 
e layer — JL 
i layer —i!— 


t protection layer —i ('— 
separation layer 

waterproof membrane -> - 

- timber planking I 

supporting structure-T 

air gap - 



(©) Cold roof >© 


© 


Cold roof with cultivation 



vegetation 


vegetation layer- 

filter layer —i 

drainage layer- 

protective layer—— 
thermal insulation- 


root protection layer 


—j separating layer 

waterproof membrane 


roof structure 




For the vegetation layer, expanded clay and expanded slate 
are used, these materials offering structural stability, soil 
aeration, water storage potential and lending themselves to 
landscaping. Problems to be solved: storage of nutrients, soil 
reaction (pH value), through-ventilation, water storage. The 
filter layer, comprising filter material, prevents clogging of 
the drainage layer. The drainage layer prevents excessive 
watering of the plants and consists of: mesh fibre mats, foam 
drainage courses, plastic panels and protective structural 
materials. The protective layer provides protection during the 
construction phase and against point loading. The root 
protection layer of plants, etc., are retained by PVC/ECB and 
EPDM sheeting. The separating layer separates supporting 
structure from the roof cultivation. Examples * © - © 
illustrate a range of customary flat roof structures and 
variations incorporating roof cultivation. Before roof 
cultivation is applied, the integrity of the roof and of the 
individual layers must be established. The technical 
condition of the roof surface must be carefully checked. 
Attention should be paid to: construction of the layers 
(condition); correct roof slope; no unevenness; no roof 
sagging; no waterproofing membrane faults (bubbles, 
cracking); expansion joints; edge attachments; penetrating 
elements (light shafts, roof lights, ventilating pipes); and 
drainage. Double pitch roofs can also be cultivated, but much 
preparatory construction work is needed when inclined roofs 
are cultivated (danger of slippage, soil drying out) 




Roof cultivation on sloping 
roof 


Roof cultivation on a steep 
roof 


Transition from road 
surface to intensive roof 
cultivation 


Transition from footpath to 
intensive or extensive 
cultivation 













































































ROOF CULTIVATION 


Definitions 

(1) Extensive roof cultivation implies a protective covering 
that needs upkeep, replacing the customary gravel 
covering. 

(2) To a large extent, the planted level is self-replenishing 
and the upkeep, i.e., maintenance, is reduced to a 
minimum. 

Scope 

These guidelines apply to areas of vegetation without 
natural connection to the ground, particularly on building 
roofs, and roofs of underground garages, shelters, or 
similar structures. 


Principles of constructive planning and execution 

H) In extensive roof cultivation, the cultivated area acts as 
a protective covering - see the recommendations for 
flat roofs. 

(2) Roof construction and structure: the relevant structural 
and constructional principles of the building and its roof 
must be carefully interrelated with the technical 
requirements imposed by the vegetation and its 
supporting elements. 

(3) The surface loading required to secure the waterproof 
membrane is the minimum weight per unit area of the 
operative layers in accordance with the table below, 
taken from the Roof Garden Association 
recommendations for planting on the flat roofs. 

(4) 

Height of the eaves Load on the Inner region 

above ground level edge region 

_(kg/m 2 ) (kg/m 2 ) 


up to 8 

at least 

80 

40 

8-20 

at least 

130 

65 

over 20 

at least 

160 

60 


(5) 


( 6 ) 

(7) 


The type of construction employed in the roof and the 
degree of surface loading are dependent on the wind 
loading, the height of the building and the surface area 
of the roof. 

High suction loads can occur around the edges and 
corners of the roof over a width b /8 > 1 m < 2 m. 


b 


edge region 


inner region 


b 

§ 


<8> „ 


8 


edge region 

inner region 

i-mtn 80 kg/m 2 - 

— mm 40 kg/m 2 - 1 

| ^..aJ 


pOCOXXX)^' 



i—50-1 


safety strips 


(9) Cultivated roofs should be designed to be easily 
maintained, i.e. areas which need regular attention 
(such as roof drainage inlets, structures which protrude 
from the cultivated area, expansion joints and wall 
junctions) should be easily accessible. 

(10) In these areas, the protective layer should comprise of 
inorganic materials such as shingle or loose stones. 

(11) These areas should be linked with the roof drainage 
inlets, so that any overflow from the planted areas can 
drain away. 

(12) Large surface areas should be subdivided into separate 
drainage zones. 


Requirements, functions, constructive precautions 

(1) The waterproofing membrane should be designed in 
accordance with the recommended specifications for 
flat roofs. 

(2) The development of the cultivated area should not 
impair the function of the roof waterproofing membrane. 


Extract from Guidelines of the Roof 
Garden Association 

(3) It should be possible to separate the waterproofing 
layers from the cultivation layers, i.e. it must be possible 
to inspect the waterproof membrane of the roof. 

(4) The root protection layer must provide durable 
protection to the roof waterproofing layers. 

(5) High polymer waterproofing membranes should, 
because of their physical and chemical makeup, be able 
to satisfy the demands of the root protection layer. 

(6) If a bituminous roof waterproofing system is applied, 
then bitumen-compatible root protection layers should 
be employed. 

(7) The root protection layer should be protected from 
mechanical damage by a covering; non-rotting fibre 
mats should be used since these can store nutrients and 
additional water. 

(8) The vegetation layer must have a high structural 
stability and must exhibit good cushioning capability 
and resistance to rotting. 

(9) The pH value should not exceed 6.0 in the acidic range. 

(10) The construction of the layers must be capable of 
accepting a daily precipitation level of at least 30/m 2 . 

(11) There should be a volume of air of at least 20% in the 
layer structure in the water saturated condition. 

Maintenance at the plant level 

(1) Wild herbaceous plants and grasses from the dry 
grassland, steppe and rock crevice species should be 
used in the planted areas. Ail plants used should be 
perennial. 

(2) The plants used should be young plants, sown as seed 
or propagated by cuttings. 

(3) Maintenance: at least one routine per year, when the 
roof inlets, security strips, roof connections and 
terminations are inspected and cleaned as necessary. 

(4) Plants, mosses and lichen which settle are not 
considered as weeds. 

(5) All undesirable weeds should be removed. 

(6) Woody plants, in particular willow, birch, poplar, maple 
and the like, are considered to be weeds. 

(7) Regular mowing and fertilising should be carried out. 

(8) Changes at the plant level may occur through 
environmental effects. 

Fire prevention 

(1) All fire precaution recommendations should be 
observed. 

(2) The requirements are fulfilled if the flammability of the 
structure is classed as flame resistant (material 
classification B1). 

Characteristics of a satisfactory roof cultivation 

An extensive planted area has planting out, sowing, setting 
of cuttings, pre-cultivated plants (plant containers, mats and 
panels). The vegetation layer provides stability for the plants, 
contains water and nutrients and allows material and gas 
exchange and water retention. The vegetation layer must 
have a large pore volume for gas exchange and water 
retention. The filter layer prevents the flushing out of 
nutrients and small components of the vegetation layer and 
silting up of the drainage layer. It also ensures that water 
drains away gradually. The drainage layer provides safe 
removal of overflow water, aeration of the vegetation layer, 
the storage and, if necessary, a water supply. Root protection 
protects the roof waterproofing membrane from chemical 
and mechanical contact with the roots of the plants which, in 
searching for water and nutrients, can be destructive. Roof 
construction must be durably waterproof, both on the 
surface and in all connections with other components. The 
formation of condensation water in the roof structure must 
be effectively and permanently prevented. 



TENSILE AND INFLATABLE 
STRUCTURES 






The construction of awnings and tensile roofs is becoming 
more widespread. These constructions vary from simple 
awnings and roofs, to technically very complicated tensile 
structures of the most diverse types. 

Materials: artificial fibre material (polyester) is used as 
the base fabric, with corrosion resistant and weather proof 
protective layers of PVC on both sides. 

Characteristics: high strength (can resist snow and wind 
loads); non-rotting; resistant to aggressive substances; 
water and dirt repellent, and fire resistant. 

Weight: 800-1200 g/m 2 . 

Permeability to light: from 'impermeable' up to 50% 
permeability. 

Life: 15-20 years; all popular colour shades; good colour 
fastness 

Workability: manufactured in rolls; widths 1-3m, usually 
1.5m; length up to 2000 running metres; cut to shape to suit 
structure; can be joined by stitching, welding, with 
adhesives, combinations of these, or by clamp connectors. 

Add-on standard systems 0 

Standard units allow the structure to be extended 
indefinitely, often on all sides. They embrace most 
planforms: square, rectangular, triangular, circular, 
polyhedra. Application: connecting passageways, rest area 
pavilions, shade awnings, etc. 








Canopies 




Framed structures 

A supporting frame is made from wood, steel or aluminium, 
over which the membrane is stretched as a protective 
covering. Application: exhibition halls, storage and 
industrial areas. 

Air supported structures -»@ 

The structural membrane is supported by compressed air at 
low pressure, and air locks prevent the rapid release of the 
supporting air. The system can be combined with heating, 
and additional insulation can be provided by an inner shell 
(air mattress). Maximum width is 45m, with length 
unlimited. Application: exhibition, storage, industrial and 
sport halls; also as roofing over swimming pools and 
construction sites in winter. 

Tensioned structures -* © 

The membrane is supported at selected points by means of 
cables and masts, and tensioned around the edges. To 
improve thermal insulation, the structure may be provided 
with additional membranes. Span can be up to more than 
100m. Application: exhibition, industrial and sports halls, 
meeting and sports areas, phantom roofs. 




© 



© 

©-© 


Temporary buildings with 
supporting structures of wood, 
steel or aluminium; maximum 
span 40 m; prefabrication for 
rapid assembly and low cost 
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CABLE NET STRUCTURES 





sports hail 



sports hall 

( 3 ^ Olympic park, Munich 1972 


Cable net structures offer the possibility of covering large 
unsupported spans with considerable ease. The German 
pavilion at the World Exhibition in Montreal in 1976 was 
constructed in this fashion -> ® + (2), the Olympic Stadium 
in Munich, 1972 ->©-(§)and the ice rink in the Olympic Park 
in Munich ■->©-©. An interesting example is also provided 
by the design for the students club for the University and 
College of Technology in Dortmund -> (§). 

As a rule, the constructional elements are steel pylons, 
steel cable networks, steel or wooden grids, and roof 
coverings of acrylic glass or translucent, plastic-reinforced 
sheeting. 

Cables are fastened into the edges of the steel network, 
the eaves, etc., and are laid over pin-jointed and usually 
obliquely positioned steel supports, and then anchored. 

'Aerial supports', cable supporting elements which are 
stayed from beneath, divide up the load of the main 
supporting cable to reduce the cable cross-sections. 

The transfer of load of the tension cables usually takes 
place via cast components - bolt fixings, housings, cable 
fixings, etc. The cable fixings can be secured by self-locking 
nuts or by the use of pressure clamps. 



(?) Olympic stadium, Munich 



Ice rink, Olympic park, 
' Munich 



Cable attachment saddle at 
a high suspension point 



cross-section 



longitudinal section 


(jj) Canopies > © 



© 


Transfer of loads from the 
cables to the cross-beams 


on a mast head 



© 


Support cable attachment 
point to the edge cables 




coated polyester 6 plastic spacer 


fabric h - 25 mm 

2 BST disks 7 flat steel plate 300/60 - 

3 batten: 40'60mm 8 pressure clamp 

4 connecting beam 9 wire netting (11.5mm) 

5 batten 60 " 60mm 10 bolt 



(y 2 ) Cable clamp, showing roof 
construction 


Cable network; edge cable 
clamp 
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Architects: Norman Foster 

Associates, London 


© 


Renault sales centre, 
Swindon 




® 


External view showing the gallery 



Architects: Behnisch & Partners; Stuttgart 


( 4 ) Detail of the planar 1 Sports hall on the 

W glazing system W Schafersfeld in Lorch 



Architects: Michael Hopkins & Partners; 
London 


/'gT Schlumberger Research 
V ^ Centre, Cambridge/GB 




Winter garden: 
internal perspective 


SUSPENDED AND TENSIONED 
STRUCTURES 

The suspension or support of load-bearing structures 
provides a means of reducing the cross-sections of the 
structural members, thus enabling delicate and filigree 
designs to be developed. As a rule, this is only possible in 
steel and timber skeletal structures. The tensioning cables 
are of steel and can usually be tensioned on completion of 
the structure. The cables support tensile forces only. 

Suspended structures have the purpose of reducing the 
span of supporting beams or eliminating cantilevered 
structures. Tensioned structures, likewise, reduce the span 
of beams and, hence, also the section modulus which has 
to be considered in determining their cross-section * ©. In 
similar fashion to cable network structures, aerial supports 
are required on trussed structures. They have to accept 
buckling (compressive) stresses. 

Significant contributions to the architecture of 
suspended structures have been made by Gunter Behnisch 
->©, Norman Foster > © - @, Richard Rogers >©-® and 
Michael Hopkins ^ ®-@. The Renault buildi ng in Swindon, 
by Norman Foster, consists of arched steel supports, which 
are suspended from round, pre-stressed hollow steel masts 
from a point in the upper quarter of the gable -4 (0-©. The 
design enabled the ground area to be extended by 
approximately 67%. The suspended construction offers 
connection points which make it possible to execute the 
construction work without interfering with other work. 

The new Fleetguard factory in Guimper, for an automobile 
concern in the USA, had to be designed for changing 
requirements and operations. For this, Richard Rogers chose 
a suspended construction so to keep the inside free of any 
supporting structure ©-©. The same design ideas form 
the basis of the sports halls of Gunter Behnisch -* ( 5 ) and the 
Schlumberger Research Centre in Cambridge, by Michael 
Hopkins -> ( 8 ) - (9). An airport administration building 
(proposed design for Paderborn/Lippstadt) * ®and a concert 
hall (proposed design for the Dortmund Fair) -> @ may also 
be built in this fashion. 





Competitive design: Portmann; Echterhoff; 

Hugo; Panzer 


Aq) Departure hall, ©\ Concert hall, exhibition 

Paderborn/Lippstadt park, Dortmund 

Airport 



Architects: Gerber & Partners, Dortmund 


(?2) Underground station. 


Stadtgarten, Dortmund 

















SPACE FRAMES: PRINCIPLES 



tetrahedron (4 faces) 

cube (6 faces) 

octahedron {8 faces) 

dodecahedron <12 faces) 

icosahedron (20 faces) 

> spherical network 



each joint in the three-dimensional 
space must be fixed by three members 
to make the three-dimensional frame 
rigid so, to achieve kinematic stability: 
no. of members = 

3 x number of joints - (1 +2 + 3} 


Ideally, space frames should be constructed from equal 
sided and/or isosceles right-angled triangles, so that regular 
polyhedrons are formed. In plane infinite networks, there 
are exactly three geometric structures; in spherical finite 
structures, there are exactly five regular polyhedron 
networks, which are comprised of only one type of joint, 
member, and hence also, surface. Regular plane networks 
are triangular, square and hexagonal. 

Of the five platonic bodies used, the space frame formula 
decrees that only those three-dimensional joint-member 
space frames whose members form a closed triangular 
network are kinematically stable, i.e. the tetrahedron, the 
octahedron and the icosahedron. The cube requires an 
additional 6, and the dodecahedron, an additional 24 
members, to become stable. If a spherical, triangular 
network is not closed over the whole surface, the basic 
polygon must be prevented from moving by an appropriate 
alternative method. 

The lengths of the members of a body for a space frame 
form a geometric series with the factor 2. One joint with a 
maximum of 18 connections at angles of 45°, 60° and 90° is 
sufficient for the construction of a regular framework. As 
with plane structures, it must be accepted that the members 
are connected with flexible joints. 







V V V W > 

Space structure grid of 
octahedrons and tetrahedrons 
with regular cut-outs in the 
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Space structure grid of 
octahedrons and 
tetrahedrons in 
compressed format 


© 



octahedron and tetrahedron 
(large cube corners) in 
compressed format 


nmimLR99Rn lminqi 

compressed format 



MH 

V\AAAAAAAA 

AA Space structure grid of semi- 
T-T octahedrons and tetrahedrons 
parallel to the edges 



© Space structure grid of 
semi-octahedrons and 
tetrahedrons in a rotated 
position (45°) 
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Space building blocks: semi¬ 
octahedron and tetrahedron 
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Space building blocks: 
semi-octahedron and 
tetrahedron 


1XD <IXP<P<I><D<D<P<1 
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The geometric series for the 
length of members with the 
factor \2 and the natural 
pattern for the geometric 
series: shells of Ammonites 


12 


Spherical dome featuring an 
icosahedron structure 


(l3) Space frame structure 


(l 4) Space 


frame structure 
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BUILDING COMPONCNTS 


SPACE FRAMES: APPLICATION 



the standard 18 surface 
joint permits connection 
angles of 45", 60", 90" and 
multiples of these to be 
achieved; only one 
standard jointing device is 
in mass production 



the regular, usually 10 
surface, joint contains only 
sufficient holes as are 
required for closed, regular 
continuous surface 
framework structures 



on the other hand, the 
special jointing fittings can 
be freely arranged as 
required, both in respect of 
the size of connection and 
the angle between two 
threaded holes 


© 


MERO joint connections 



© 


Arrangement of members 
at a joint 



Li = system axial dimension L 3 = finished dimension of member 

Ly ■- nominal dimension of member L 4 = net length of tube 


1 hollow section 3 threaded bolts 6 weld seam 

profile {tube) 4 keyed sleeve 7 drainage hole 

2 cone 5 slotted pin 8 bolt insertion hole 


© 


Construction of a MERO frame member 





direct support of the roof skin on upper 
beam members, two layer supporting 
structure, screwed connections not 


resistant to bending, interlocked 
transition from frame member to joint 
in the upper beam, lower beam in the 
KK system 

(jeT) NK System (cup joint) 



direct support of the roof skin, single¬ 
layered structure in triangular grid, 
screwed connections not resistant to 
bending, interlocked transition from 
structure member to joint 


© 


TK System (plate joint) 



(l2) Partial section through the city hall in HHden 
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The MERO space frame developed by Mengeringhausen 
consists of joints and members > © - (3). The underlying 
principle is that joints and members are selected from the 
frame systems as are appropriate for the loads which are to 
be carried. In the MERO structural elements, the 
joint/member links do not act as 'ideal pin-joints', but are 
able to transmit flexural moments in addition to the normal 
forces in the members > @ - (7). This three-dimensional 
format permits a free selection of a basic grid unit, then, 
with the factors \2 and v3 to size the lengths of the 
members, to develop a structure to provide the required 
load-bearing surfaces -> @ - © The unlimited flexibility is 
expressed in the fact that curved space frames are also 
possible. The Globe Arena in Stockholm ^ © is, at present, 
the largest hemispherical building in the world. The 
assembly methods involve elements of prefabrication, 
sectional installation or the slab-lift method. All the 
components are hot galvanised for corrosion protection. As 
a consequence of the high level of static redundancy of 
space frames, the failure of a single member as a result of 
fire will not lead to the collapse of the structure. Starting 
from spherical joints, that allow 18 different points of 
attachment for tubular members, a large variety of other 
joint systems between nodes and members have been 
developed so as to optimise the solution to load-bearing 
and spanning requirements 



© 


Structural connections to 
wall and roof 



direct support of the roof skin, single 
layered structure, also in trapezoidal 
surface geometry, multi-screwed 
connections resistant to bending, 
interlocked transition from structure 
member to joint 


©j) ZK System 

(cylindrical joint) 




© 


Structural connections - 
central channel 



direct support of the roof skin, single 
and multi-layered structures, single and 
multi-screwed connections; member- 
integrated nodal optical points 



(1© Detail of the roof ridge; roof 
plan of the plant exhibition 


hall, Gruga, Essen (NK 
System) 









SPACE FRAMES: APPLICATION 



( 3 ^) Upper beam members 



2 ) Space frame system 



4 ) Diagonal members 


The Krupp-Montal® space frame was developed by E. Ruter, 
Dortmund-Horde. The members are bolted to the forged 
steel sphere with bolts inside the tubes. The bolts have 
hexagonal recesses in their heads and are inserted into a 
guide tube through a hole in the tubing of the structural 
member. In general, all members are hot galvanised. A 
coloured coating may also be applied to them. On the 
Krupp-Montal® System, the bolts can be examined without 
being removed from the frame members; if required, it is 
possible to replace framework members without destroying 
the framework. The Krupp-Montal® System is illustrated in 
-» ®- ©, with points of detail in » ® - ®. 

The KEBA tube and joint connection has been designed 
for the transmission of tensile and compressive forces. It 
does not require bolts and can be dismantled without 
problems -» (9) - ©. The KEBA joint consists of the jaw 
fitting, the interlocking flange, the tapered wedge and the 
caging ring with locking pin. 

The Scane space frame has been developed by Kaj 
Thomsen. Bolts provide the means of connection, which are 
inserted in the ends of the members using a special method 
and are then screwed into the threaded bores of the 
spherical joint fittings ■■■> ®-©. 

In the case of all space frames, an unsupported span of 
at least 80-100 m is possible. 




( 5 ) KEBA joints 


Common centre joint 
linking 12 members 




C .c 





c n 


1 roof membrane 

2 insulation 

3 steel corrugated 
sheet 


4 vertical distance 
piece 

5 centre piece 

6 interlocking flange 


7 tapered wedge 

8 purlin, tie beam 

9 caging ring 
10 locking pm 


11 jaw fitting 

12 horizontal tube 

13 diagonal tube 


(T5) Example of a possible roof form with joint details (10) - @ 




(rj) Standard upper joint (T5) Common centre joint 



^t~4) Space frame system (Ts) Joint (nodal point) 















MULTISTOREY STRUCTURES 




© 


Continuous verticals, ties 
on concealed brackets 



© 


Continuous verticals, ties 
on brackets 



® 


Sectional verticals, individual 
vertical supports with ties 


© 


Sectional verticals, ties on 
brackets 
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Sectional verticals, ties on 
brackets 


© 


H-shaped rigid frame units 


© 


U-shaped linked frame 
units 



/g\ T- and L-shaped vertical 
supports 



/ 

\ 
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concrete 



verticals 
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Square headed mushroom 
frame unit 


Floor support structure 
with a single load-bearing 
layer 


The main choice is of in situ or prefabricated manufacture in the 
form of slab or frame construction. The selection of the materials 
is according to type of construction and local conditions. 

As in all areas of building construction, the number of storeys 
is limited by the load-bearing capacity and weight of the building 
materials. Construction consists of a vertical, space enclosing 
supporting structure made from structural materials with or 
without tensile strength. Vertical and lateral stiffening is necessary 
through connected transverse walls and ceiling structures. Frame 
construction, as a non-space enclosing supporting structure, 
permits an open planform and choice of outer wall formation 
(cantilevered or suspended construction). A large number of floor 
levels is possible with various types of prefabrication. 

Structural frame materials: reinforced concrete - which 
provides a choice of in situ and prefabricated, steel, aluminium 
and timber. 

Types of structure: frames with main beams on hinged joints, 
or rigid frame units in longitudinal and/or transverse directions. 
Construction systems: columns and main beams (uprights and 
ties) determine the frame structure with rigid or articulated joints 
(connecting points of columns and beams). Fully stiffened 
frames: columns and beams with rigid joints are connected to 
rigid frame units. Articulated frame units one above the other: 
columns and beams are rigidly connected into rigid frame units 
and arranged one above the other with articulated joints. Pure 
articulated frames: nodal points are designed to articulate, with 
diagonal bracing structures (struts and trusses) and solid 
diaphragms (intermediate walls, gable walls, stairwell walls); 
mixed systems are possible. Rigid joints a re easily achieved with 
in situ and prefabricated reinforced concrete; however, 
prefabricated components are usually designed with articulated 
joints and braced by rigid building cores. 

Construction 

Framed structures with continuous vertical supports > © - (2); 
ties beams rest on visible brackets or conceal bearings. Skeleton 
structures with sectional vertical supports -* (3) - ©; the height 
of the verticals can possibly extend over more than two storeys; 
the supporting brackets can be staggered from frame to frame; 
hinged supports with stiffened building cores. Framed structures 
with frame units - ®: H-shaped frame units, if required, 
with suspended ties at the centre connection (articulated storey 
height frames); U-shaped frame units, with separate ties in the 
centre, or with ties rigidly connected to frames (articulated 
storey height frames). Flat head mushroom unit frame 
construction -> (9): columns with four-sided cantilevered slabs 
(slabs and columns rigidly connected together, articulated 
connection of the cantilevered slab edges). Floor support 
structures directly accept the vertical loads and transmits them 
horizontally onto the points of support; concrete floor slabs of 
solid, hollow, ribbed or coffered construction are very heavy if 
the span is large, and prove difficult in service installation; use of 
the lift-slab method is possible, suitable principally for 
rectangular planforms -» 



loads on the decking are transmitted via loads on the beams are taken to the 

the beams to the points of vertical main supports 

support 


© 


Floor support structure 
with two layers 


Floor support structure 
with three layers (for very 
large supported spans) 
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SUSPENDED FLOORS 



© Timber joist/laminated beam 
floor construction with 
ceiling 



© 


Prefabricated reinforced 
concrete component floor 
with non-load-carrying 


filling blocks 



® 


In situ reinforced hollow 
pot concrete floor 






© Prefabricated reinforced Prefabricated reinforced 

concrete I-beam floor concrete hollow beam floor 



© Reinforced concrete slab Pre-cast concrete 

floor, reinforced in one or reinforcing shuttering for 

two directions in situ floor 


Wooden beam floors with solid timber joist or laminated 
beam supports > © - (2) in open or closed construction. 
Sound insulation is increased by laying additional 60mm 
thick concrete paving slabs > (2). Part or full assembled 
floors are laid dry, for immediate use ► (3) - ®. Ribbed 
floors: space the axes of the beams as follows: 
250-375-500-625-750-1000-1250mm. Heavy floors use in 
situ concrete on shuttering > ©. They can support only 
when cured and add moisture to the construction. 
Reinforced concrete slab floors span both ways; the span 
ratio 1:1.5 should not be exceeded. Thickness > 70mm - 
economic to approx. 150mm. Pre-cast concrete reinforcing 
shuttering, of large format finished concrete slabs of a least 
40mm thickness which have integrated exposed steel 
reinforcing mesh, are completed with in situ concrete to 
form the structural slab > ©. The floor thickness is from 
100-260mm. This method combines the special features of 
pre-finished with those of conventional construction. 
Maximum slab width is 2.20m. When the joints have been 
smoothed, the ceiling is ready for painting; finishing plaster 
is unnecessary. Hollow pot floors -»© also as prefabricated 
floor panels. Floor thickness is 190-215mm max., with 
supported spans of 6.48m. Prefabricated floor panels are 
1.00m wide; concrete covering layer is not required. Pre¬ 
stressed concrete - hollow slab floor (6), consists of self- 
supporting pre-stressed units with longitudinal cavities, so 
they have a low unit weight. They are joined together using 
jointing mastic. Slab width: 150 and 180mm, 1.20m wide. 
The elements can be max. 7.35m long. Composite steel 
floors -■> ®. Trapezoidal and composite floor profiles, made 
of galvanised steel strip sheet, form the basic element for 
shuttering and ceilings. 



tamped concrete with axis spacing <■ 150crn 
brick with axis spacing s 130cm 

cambered (Prussian cap): axis spacing depending on structural calculations 3m 
steel supported floor with infills * .14 



® In situ reinforced concrete 4 q\ U-section reinforced 

ribbed floor, rib separation concrete beams bolted to 

< 70 cm, rib width > 5 cm provide lateral stiffness 



© Composite steel/concrete ©A Steel supported floor with 

fj oor Tv pre-cast reinforced pumice 

concrete infill units 




FLOORING 




Small mosaic squares 20/20; /^\ Small mosaic: hexagonal 

^ 33/33 mm ^ 25/39; 50/60 mm 



Square mosaic: 50/50; 69/69; /^T\ Smalt mosaic: intersecting 

^—' 75/75 mm circle pattern 35/35; 


48/48 mm 



45/32 mm 


Small mosaic in Essen 
pattern: 57/80 mm 


© 


g j Square, with an inlay of 
smaller tiles 


(^) Square, with inlay 100/100; 
50/50 mm 


Square, with displaced inlay Square, incorporating 


of smaller tiles 



doubled chessboard pattern 


intermediate layer 
floating screed 
insulating layer 
floor stab 

Finished parquet elements on 
floor screed 




(21 


intermediate layer 
screed 

n water underfloor heating pipes 
polyethylene film 
insulating layer 

Finished parquet flooring 
elements on underfloor 
heating 



(22 


Finished parquet flooring 
elements on old wooden 
floor 


Flooring has a decisive effect on the overall impression 
created by rooms, the quality of accommodation and 
maintenance costs. 

Natural stone floors: Limestone, slate or sandstone slabs 
can be laid rough hewn, in natural state, or with some or all 
edges cut smooth or polished -* ®-(2). The surfaces of sawn 
tiles, limestone (marble), sandstone and all igneous rocks 
can be finished in any manner desired. They can be laid in a 
bed of mortar or glued with adhesive to the floor sub-layer. 

Mosaic floors: Various coloured stones: (glass, ceramics 
or natural stone) are laid in cement mortar or applied with 
adhesives -» ©- ®. 

Ceramic floor tiles: Stoneware, floor, mosaic and 
sintered tiles are shapes of coloured clay which are sintered 
in the burning process, so that they absorb hardly any 
water. They are, therefore, resistant to frost, have some 
resistance to acids and high resistance to mechanical wear, 
though they are not always oil resistant. 

Parquet flooring is made from wood in the form of 
parquet strips, tiles, blocks or boards > © - The upper 
layer of the finished parquet elements consists of oak or 
other parquet wood, in three different styles > ®-@. 

Pine or spruce are used for floor boarding. Tongue and 
groove planks are made from Scandinavian pine/spruce, 
American red pine, pitch pine. 

Wood block paving (end grained wood) is rectangular or 
round, and laid on concrete 


(l 3) Open basket 


(14) Square basket 


i 111 — 1111 —i dU 


Open basket 



L intermediate layer 

— old floor covering, e.g. PVC 

— floating screed 

— insulating layer 

(19) F'mshed parquet elements 
on old floor covering 
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Finished parquet elements 
on timber battens 




Wooden floor blocks, glued 
down, with surface 
treatment {living area} 
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Wooden floor blocks, glued 
down on even, smoothed 
concrete underlayer 
(specialised finish) 
















HEATING 



'7') Cen t r al heating boilers with a heat output > than 50 kW require 
individual boiler rooms 





© 



cellar door as escape path 

Boiler room with 2 doors (min. 22 m 3 ) needed for heat output > 350kW 


Heating systems are distinguished by the type of energy 
source and type of heating surface. 

Oil firing: nowadays, light. Advantages: low fuel costs 
(relative to gas, approx. 10-25%); not dependent on public 
supply networks fuel oil is the most widespread source of 
heating energy; easy to regulate. Disadvantages: high costs 
of storage and tank facilities; in rented housing, space 
required for oil storage reduces rent revenue; where water 
protection measures apply or there is a danger of flooding, 
this form of heating is only possible if strict regulations are 
observed; fuel paid for prior to use; high environmental cost. 
Gas firing: natural gas is increasingly being used for heating 
purposes. Advantages: no storage costs; minimal 
maintenance costs; payment made after usage; can be used 
in areas where water protection regulations apply; easy to 
regulate; high annual efficiency; may be used for individual 
flats or rooms; minimal environmental effects. 
Disadvantages: dependent on supply networks; higher 
energy costs; concern about gas explosions; when 
converting from oil to gas; chimney modifications are 
required. 

Solid fuels such as coal (anthracite), lignite or wood, are 
rarely used to heat buildings. District heating stations are 
the exception, since this type of heating is only economical 
above a certain level of power output. Also, depending on 
the type of fuel used, large quantities of environmentally 
damaging substances are emitted, so that stringent 
requirements are laid down for the use of these fuels 
(protection of the environment). Advantages: not 
dependent on energy imports; low fuel costs. 
Disadvantages: high operating costs; large storage space 
necessary; high emission of environmentally unfriendly 
substances; poor controllability. 

Regenerative forms of energy include solar radiation, wind 
power, water power, biomass (plants) and refuse (biogas). 
Since amortisation of the installation costs is not achieved 
within the lifetime of the plant required, the demand for this 
type of energy is correspondingly low. 

Remote heating systems are indirect forms of energy supply, 
as opposed to the primary forms of energy discussed above. 
Heat is generated in district heating stations or power 
stations by a combined heat/power system. Advantages: 
boiler room and chimney not required; no storage costs; 
energy is paid for after 
consumption; can be used 
where water protection 
regulations apply; environ¬ 
mentally friendly association 
of power/energy coupling. 

Disadvantages: high energy 
costs; dependency on supply 
network; if the heating 
source is changed, a 
chimney must be fitted. 




(T) Twin-pipe system with Twin-pipe system with Single-pipe system with Twin-pipe system with 

distribution from below distribution from above ' special valves and horizontal distribution 

and vertical rising branches and vertical branches horizontal distribution (standard construction for 


office buildings) 
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HEATING 



(a) under (b) in front of (c) free standing (d) built into (e) built into 

window smooth (for heating wall wall 

wall of 2 rooms) 



convector 
with room air 
intake 



convector 
with cold air 
intake 


convector 
with intake 
on both sides 


(i) convector 
behind bench 
seat 


© 


Various installation options for convectors 


^ 40mtn 
C ^-H c 

*-^4x1 


^m 


77777777777^ 


recessing 
(recommended 
if the heating 
unit is deep) 



unit length 




Dimensions of cast radiators 


height 

distance 

depth 

surface 

h 1 

between 

c 

area per 


connections 


element 

(mm) 

h 2 (mm) 

(mm) 

(m 2 > 

280 

200 

250 

0.185 

430 

350 

70 

0.09 



110 

0.128 



160 

0.18 5 



220 

0.25 5 

580 

500 

70 

0.12 



110 

0.18 



160 

0.25 2 



220 

0.345 

680 

600 

160 

0.30 6 

980 

900 

70 

0.205 



160 

0.41 



220 

0.58 



recessing 
(recommended 
if the heating 
unit is deep) 



unit length 
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Dimensions of steel radiators 


height 

distance 

depth 

surface 

h 1 

between 

c 

area per 


connections 


element 

(mm) 

h 2 (mm) 

(mm) 

(m 2 ) 

300 

200 

250 

0.16 

450 

350 

160 

0.15 5 



220 

0.21 

600 

500 

110 

0.14 



160 

0.20 5 



220 

0.285 

1000 

900 

110 

0.24 



160 

0.345 



220 

0.48 
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Tube radiator (3 tubes} 


© 


Various rib shapes for the 
down tubes in tube radiators 


Electrical heating: Apart from night storage heating, the 
continuous heating of rooms by electrical current is only 
possible in special cases, due to the high costs of electricity. 
Electrical heating of rooms in temporary use may be 
advantageous, e.g. garages, gate keepers' lodges and 
churches. Main advantages: short heating-up period; clean 
operation; no fuel storage; constant availability; low initial 
costs. 

Night storage heating is used for electrical floor heating, 
electrical storage heaters or for electrically heated boilers. 
Off-peak electricity is used to run the heaters. For electrical 
floor heating, the floor screed is heated overnight to 
provide heat during the day to the room air. 
Correspondingly, for electrical storage heaters and 
electrically heated boilers, the energy storage elements are 
heated during the off-peak period. However, by contrast to 
the floor heating system, the latter two devices can be 
regulated. Advantages: neither a boiler room nor chimney 
is required; no gases are generated; minimal space 
requirement; low servicing costs; no need to store fuel. 
Convectors: Heat is not transferred by radiation, but by 
direct transmission to the air molecules. For this reason, 
convectors can be covered or built in, without reducing the 
heat output. Disadvantages: strong movement of air and 
the dust swirling effect; performance of convector depends 
on the height of the duct above the heated body; cross- 
sections of air flowing into and away from the convector 
must be of sufficient size. -> © For under-floor convectors -» 
©f-®h, the same prerequisites apply as for above-floor 
convectors. The disposition of the under-floor convectors 
depends on the proportion of heating requirement for the 
windows as a fraction of the total heating requirement of 
the room. Arrangement » ©f should be adopted if this 
proportion is greater than 70%; arrangement -> © h for 
20-70%; if the proportion is less than 20%, then 
arrangement -» ©g is favoured. Convectors without 
fans are not suitable for low-temperature heating, since 
their output depends on the throughput of air and, hence, 
on the temperature difference between the heated body 
and the room. The performance of convectors with too low 
a duct height (e.g. floor convectors) can be increased by the 
incorporation of a blower. Blower convectors are of limited 
use in living-room areas, due to the build-up of noise. 
Heaters can be covered in various ways. Losses in efficiency 
can be considerable, and attention should be paid to 
adequate cleaning. For metal cladding, the radiative heat 
contribution is almost entirely given to the room air. For 
material coverings with a lower thermal conductivity, the 
radiative heat is damped considerably. -* © p.98 A 
representation is shown of the movement of air within a 
heated room. The air is heated by the heater, flows to the 
window and then to the ceiling and is cooled on the external 
and internal walls. The cooled air flows over the floor and 
back to the heater. -> @ p.98 A different situation arises if 
the heater is on a wall which is away from the window: air 
cools on the window, then flows cold over the floor to the 
heater, where it is heated up. 



© 


Section through a flat 
panel radiator 


© 


Summary of different panel 
radiators 
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r~j ^ 70 c 


kitchen with window 


exhaust air opening under 
intake of exhaust gas pipe 
above the flow safety device; 
top vent to neighbouring room 
cannot be closed; 
same for air shaft near the floor 


© Gas water heater in internal bathroom with 'Cologne' ventilation 



kitchen with window 


continuous flow gas water 
heater in kitchen with window; 
vent to air shaft under intake of 
exhaust gas pipe above the 
flow safety device of the gas 
water heater 


(?) Gas space heater in internal bathroom with 'Cologne' ventilation 



kitchen with window 


vent to air shaft under entry of 
exhaust gas pipe; 
upper vent dropped 


@ Gas space heater in internal bathroom with 'Cologne' ventilation: 
only permissible if 1 m 3 of space per kW installed is available 


kitchen with window 



vent to shaft under gas 
exhaust pipe, but above the 
flow safety device 


(?) Gas space heater in internal bathroom: air intake from next room 



. t > jg£ 


accessible ^ 
space 


exhaust gas stacks 
can be run from the 
respective storey 

-f 50/100 mm 


© Examples of burner air feed 
and take-off of exhaust gas 
to above roof height 


Gas heating systems 

Regulations and legislation (UK): the provision of gas 
supply into a building in England, Wales and Scotland is 
controlled by the Gas Safety (Installation and Use) 
Regulations, 1998, which revoke and replace the 1994 and 
1996 (amendment) regulations. They make provision for the 
installation and use of gas fittings for the purpose of 
protecting the public from the dangers arising from the 
distribution, supply or use of gas. 

One of the major tasks of the architect is to make sure 
that the design provisions, such as locations of meters and 
pipe routes, do as much as possible to make it easy for the 
installer to comply with the regulations. 

Gas fired appliances must be of an approved type and 
can only be installed in those spaces where no danger can 
arise from position, size, or construction quality of the 
surrounding building. Distances between components 
made of combustible materials and external heated parts of 
a gas appliance, or from any radiation protection fitted in 
between, must be sufficient to exclude any possibility of fire 
(i.e. >5cm). In addition, spaces between components made 
of combustible materials and other external heated parts, 
as well as between radiation protection and gas appliances 
or radiation protection, must not be enclosed in such a way 
that a dangerous build-up of heat can occur. Heaters with an 
enclosed combustion chamber fitted against external walls 
and housed in a box-like enclosure must be vented to the 
room, with bottom and top vents each having > 600cm 2 free 
cross-section. Air vents must be arranged in accordance 
with details and drawings of the appliance manufacturer. 
The casing must have a clear space of >10cm in front and 
at the side of the heater cladding. Heaters not mounted on 
external walls must be fitted as close as possible to the 
chimney stack. 

The minimum size and ventilation of rooms containing 
heating appliances is determined by the output or sum of 
outputs of the heating appliances. For ventilated enclosed 
internal areas, the volume must be calculated from the 
internal finished measurements (i.e. measured to finished 
surfaces and apertures). 

All gas appliances, apart from portable units and small 
water heaters, must be fitted with a flue. Flues promote air 

circulation and help remove 
rrrrji the bulk of gas in case the 

appliance is left with the gas 
yf: unlit. Cookers should be 

yfy fitted with cowls and vents 

y which should considerably 

_ help to remove fumes and 

V i VuV.v , .rA reduce condensation on 

L=[l efficient stack walls. Bathrooms equipped 

r£i height >4m with gas heaters must be 

otherwise special 

[£] stack necessary fitted with adequate ventila- 

TTTTTTTTT ^° n anC ^ 8 ^ ue ^° r 

heater - F|ues for water 
II —-i l junctions heaters must include a 

pi baffle or draught diverter to 

“ prevent down-draughts. 


building 

materials 

v. distance of 

combustible 

building 

blocks 


exhaust 

pipe 

through 

fitted 

cupboard 


offset of the 
junctions 


Exhaust gas stack 


© Connections to the 
exhaust gas stack 

























HEATING 





floor construction details from the top 
downwards: 
glued tiles 10mm 
screed, min. 45 mm 

supporting reinforcing matting (dia 3.5mm) 

polyethylene film 0.2 mm 

insulation 




Jj Ceiling heating pipes concen¬ 
trated towards external walls 



(^) Floor heating (laid dry) 


floor construction details (from top down): 
glued tiles 15m 

mortar bed 30mm 
slip membrane 0.3mm 
floor covering 45mm 
supporting mat for heating tubes 
polyethylene film 0.2 mm 
insulation 


floor construction details (from top down): 
glued tiles 10mm or carpeting 
flooring panels 19mm 
polyethylene film 0 2mm 
- aluminium conducting fins 
polystyrene layer with grooves for heating 
tubes 40 mm 

mineral fibre matting 13/10 for footfall 
insulation, if required 




© 


Sunstrip 


Air distribution 
fins 


For uniform heating of the room air, convector heaters can 
be replaced by a floor heating system. Problems arise only 
where large window areas are involved, but this can be 
overcome by the installation of additional heating - such as 
floor convectors. 

In general, surface heating includes large areas of surface 
surrounding a room and involves relatively low 
temperatures. Types of surface heating include floor 
heating, ceiling heating and wall heating. With floor heating, 
the heat from the floor surface is not only imparted to the 
room air, but also to the walls and ceiling. Heat transfer to 
the air occurs by convection, i. e. by air movement over the 
floor surface. The heat given to the walls and ceiling takes 
place due to radiation. The heat output can vary between 70 
and llOW/m 2 , depending on the floor finish and system 
employed. Almost any usual type of floor finish can be used 
— ceramics, wood or textiles. However, the diathermic 
resistance should not exceed 0.15m 2 k/W. 

House dust allergies can be a problem in heated rooms. 
Previously, precautions against house dust or dust mite 
allergy paid no attention to the effects of heating units. 
Heaters cause swirling of house dust containing allergens, 
which can then rapidly come into contact with the mucous 
membranes. In addition to this, there are insoluble difficulties 
in cleaning heaters which have convection fins. It is therefore 
advantageous if heaters are designed to embody the 
smallest possible number of convection elements and to 
have straightforward cleaning procedures. These 
requirements are fulfilled by single-layer panels without 
convection fins and by radiators of unit construction. 

Storage of heating oil: The quantity of heating oil stored 
should be sufficient for a minimum of 3 months and a 
maximum of one heating period. A rough estimate of the 
annual requirement for heating fuel is 6-10I/m 3 of room 
volume to be heated. A maximum volume of 5m 3 may be 
stored in a boiler house. The container must be within a 
storage tank capable of accepting the total quantity. Storage 
containers in the ground must be protected from leakage, e.g. 
through the use of double-walled tanks, or plastic inner shells. 
Maximum capacities and additional safety measures are 
prescribed for areas where water protection regulations are in 
force. Within buildings, either plastic battery tanks with a 
capacity per tank of 500-2000 litres may be installed, or steel 
tanks which are welded together in situ, whose capacities 
may be freely chosen. The tank room must be accessible. 

The tanks must be inspected for oil-tightness at regular 
intervals. In the event of an emergency, the tank room must 
be able to retain the full amount of oil. Tank facilities must 
have filling and ventilation pipe lines. Additionally, 
overfilling prevention must be incorporated and, depending 
on the type of storage, a leak warning system may be 
prescribed {e.g. in the case of underground tanks). 



Room temperature curves for physiological evaluation of a 
v -" y heating system 
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Alternative installations of standard heating oil storage tanks 
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Underground installation of heating oil storage tanks 
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Nylon unit containers 
{polyamide} - side view 
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Nylon unit containers > (3) 
(max. 5 containers) 
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Storage tank for heating oil 
{side view) 
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Storage tank for heating oil 
{front view) 


individual 
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Inset tank 
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Prefabricated protective 
concrete hull for oil tank 


The floor screed for floor heating systems must satisfy local 
regulations. The thickness of the screed depends on the 
type of covering used, its preparation and the anticipated 
loading. A minimum covering over the heating pipes of 
45mm is prescribed when using cement floor screed and 
heating pipes which are directly above the thermal 
insulation. If there is no finish over the basic floor, then a 
minimum total depth of 75mm is required. The floor screed 
expands during use, and a temperature difference arises 
between the top and bottom surfaces of the screed. 

Due to the differential expansion, tensile stresses occur 
in the upper region of the layer. In the case of ceramic floor 
coverings, this can only be countered by top reinforcement. 
On carpeted floors or parquet floors, the reinforcement can 
be avoided, since the temperature drop between the upper 
and lower surfaces of the floor covering is less than in the 
case of a ceramic finish. Special requirements are contained 
in the thermal insulation regulations with respect to the 
limitation of heat transfer from surface heating, irrespective 
of the choice of type of insulation method: 'In surface 
heating, the heat transfer coefficient of the component layer 
between the hot surface and the external air, the ground, or 
building section having an essentially lower internal 
temperature, must not exceed a value of 0.45W/m 2 '. 

The maximum permissible floor surface temperature for 
a permanently occupied area is 29°C. For the boundary zone 
it is 35°C, where the boundary zone is not to be wider than 
1 m. For bathrooms, the maximum permissible floor 
temperature is 9°C above normal room temperature. 

Under normal conditions, floor heating is possible, since 
the heating requirement seldom lies above 90W/m 2 . In only 
a few exceptions (e.g. when there are large window areas, 
or when the room has more than two external walls) is 
there a greater heating requirement, and then additional 
static heating surfaces or air heating must be installed in 
addition to the floor heating. 


nom. contents V 
in litres 
(dm 3 ) 

max. dimension 

length 

s (mm) 

depth 

weight 

incl. accessories 
(kg) 

1000 (1100) 

1100 (1100) 

720 

30-50 kg 

1500 (1600) 

1650 (1720) 

720 

40-60 kg 
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Dimensions of plastic battery tanks (battery containers) 



min. dimensions (mm) j 

weight <kg> 

contents 

external 

length 

sheet thickness 

filler 

i,i 

1.2 


V (m<> 

diameter 




cap 

1 wall 

A,C 

B 


d, 

1 

1 wall 

2 walls 

diameter 




1 

1000 

1510 

5 

3 


265 



3 

1250 

2740 

5 

3 

- 

325 



5 

1600 

2820 

5 

3 

500 

700 



7 

1600 

3740 

5 

3 

500 

885 

930 

980 

id 

1600 

5350 

5 

3 

500 

1200 

1250 

1300 

16 

1600 

8570 

5 

3 

500 

1800 

1850 

1900 

20 

2000 

6969 

6 

3 

600 

2300 

2400 

2450 

25 

2000 

8540 

6 

3 

600 

2750 

2850 

2900 

30 

2000 

10120 

6 

3 

600 

3300 

3400 

3450 

40 

2500 

8800 

7 

4(5) 

600 

4200 

4400 

4450 

50 

2500 

10800 

7 

4 

600 

5100 

5300 

5350 

60 

2500 

12800 

7 

4 

600 

6100 

6300 

6350 







weight (kg) 







1.3 


2.1 2.28 







A 

B 


1.7 

1250__ 

1590 

5 


500 



390 

2.8 

1600 

1670 

5 


500 



390 

3.8 

1600 

2130 

5 


'56b 



600 

5 

1600 

2820 

5 

.3 

500 

700 

745 

740 

6 

2000 

2220 , 

5 


500 



930 

7 

1600 

3740 

...5_ 

’_3 ; 

500 

885 

930 

935 

10 ____ 

1600 

5350 

5 

3 

500 

1250 

1250 

1250 

16 

1600 . 

8570 

5 

3 

500 

1800 

1950 

1850 

20 

2000 

6960 

6 

3 

600 

2300 

2350 

2350 

25 

2000 

8540 

. 6. 

3 

600 

2750 

2800 

2800 

30..... 

2000 

10120 

6 

3 

600 

3300 

3350 



2500 

6665 

7 


600 



3350 

’_40 

_2500 

8800 

7 

4. 

600 

4200 

4250 

4250 

50 

2500 

10800 

.7. 

4 

600 

5100 

5150 



2900 

8400 

9” ’ 


600 



6150 

60 

2500 

12800. 

7 

4 

600 

6100 

6150 



2900 

9585 

9 


600 



6900 


40) Dimensions of cylindrical oil tanks (containers) 
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Small tank store 


protected areas 
clear areas 






HEATING: OIL STORAGE TANKS 

* pp. 98-9 

The fuel containment enclosures must be designed so that, if 
fluid escapes from a storage device, it is prevented from 
spreading beyond the enclosure area. The enclosures must be 
able to safely contain at least one-tenth of the volume of all the 
tanks it contains, and at least the full volume of the largest tank. 
Tanks in rooms: containment enclosures are required if the 
storage volume is > 4501, unless the storage tanks are of steel with 
a double wall. Tanks can have a capacity of up to 1000001, with 
leakage indicator devices, or manufactured from glass fibre 
reinforced plastics of an approved type of construction, or they 
can be metal tanks with plastic inner linings of an approved form 
of construction. Containment enclosures must be constructed 
from non-flammable fire-resistant materials of adequate strength, 
leakproof and stability, and must not contain any outlets. The 
tanks must have access on at least two sides with a minimum 
clearance of 400mm from the wall, or 250mm in other cases, and 
at least 100mm from the floor and 600mm from the ceiling * 0. 

Classifications: 

A Flash point < 100°C 

A! Flash point < 21°C 

All Flash point 21-55°C 

AIM Flash point 55-100°C 

B Flashpoint < 21°C with water solubility at 15°C 
Outside tanks, above ground: containment enclosures are 
required for capacity >10001. Otherwise, conditions are as for 
tanks in rooms. Storage areas can be ramparts. For tanks 
>100m3 capacity, clearance to the ramparts, walls or ringed 
enclosures must be at least 1.5m. For vertical cylindrical tanks 
of capacity <2000m 3 in square or rectangular catchment areas, 
clearance may be reduced to 1 m. Arrangements must be made 
for the removal of water and these must be capable of closure. 
If water can discharge by itself, then separators must be built in. 
Above ground facilities require protected access. A distance of 
at least 3 m from neighbouring facilities is required if there is a 
storage capacity >500m 3 and correspondingly more as capacity 
increases, to a clearance of 8m for a storage capacity of 
2000m 3 . Access routes are required for fire-fighting appliances 
and equipment -> (2)-®. 

Underground tanks: >0.4m clearance of tanks from boundaries; 
>1m from buildings. Underground anchorage of the tanks is 
required to prevent movement of empty tanks in the presence 
of ground water or flooding. Backfilling is required to a depth of 
0.3-1 m above the tanks. Also, 600mm diameter access 
openings into the tanks are needed, serviced by a watertight 
shaft with a clear width of at least 1 m, and 0.2m wider than the 
tank access opening lid. The shaft cover must be able to 
withstand a test proof loading of lOOkN where vehicular access 
is to take place. Filling points are subject to approval for 
combustible fluids in hazard classes Al, All or B. They must be 
immediately accessible, with protected access. The ground 
surface must be impermeable and constructed of bitumen, 
concrete or paving with sealed joints. Drainage outlets with 
separators, overfilling protection, and emptying and washing 
facilities for tanker vehicles are required. 

Tankage facilities for the fuelling of all vehicles with 
combustible fluids in hazard classes AIM (e.g. heating oil and 
diesel fuel) must not be stored together with those in hazard 
classes Al, All or B. Neither must the effective regions of 
separators and operating surfaces of such storage areas 
overlap 

Requirements for all tanks: Ventilation and venting facilities 
must be sited at least 500 mm above the access cap, or above 
ground level in the case of underground tanks, and be protected 
from the ingress of rain water. Devices must be provided to 
determine the filling levels in the tanks. Access openings must 
have a clearance diameter of at least 600mm and visual 
inspection openings, 120mm diameter. Protection must be 
provided against lightning and electrostatic discharge. 
Additional provisions cover flame spread resistance, internal 
and external corrosion, and fire extinguishers of the appropriate 
type. Tanks for diesel fuel or heating oil EL with a capacity over 
10001, must have fill meters and overfill protection. 
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angle of incident radiation |J 
(height of sun) 
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SOLAR ARCHITECTURE 
Components 
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Average daily totals of solar radiation (MJ/m 2 ) 



Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
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Incident radiation angle (height of sun at the geographical 
latitude 50°N at various times, over the course of a year) 


Essentially, economic considerations led architects and 
building developers to seek alternatives to the conventional 
fossil fuel sources of energy. Today, equal emphasis is 
placed on the ecological necessity for change. By means of 
energy conscious construction, the energy requirements of 
living accommodation can be reduced by around 50% in 
comparison to older buildings. 

Energy balance of buildings 

Solar energy is available free of charge to every building. 
Unfortunately, in many climatic areas, solar radiation is 
very low, so that other forms of energy must be used for 
room heating, hot water, lighting and for the operation of 
electrical appliances. 

The greatest energy losses from a building arise due to the 
conduction of heat through windows, walls, ceilings and roofs. 


Considerations of energy conscious construction 

There are three fundamental points which lead to a 
considerable reduction in the energy requirement of a 
domestic building: 

(1) Reduction of heat losses 

(2) Increase in energy saving through the use of solar 
radiation 

(3) Conscious efforts by users to improve the energy 
balance 

The choice of building location itself can reduce the heat 
losses from a building. Within a small area in a region, 
conditions will vary; e.g. wind and temperature conditions 
vary with the altitude of a building site. 

Relatively favourable microclimatic conditions result on 
south-facing slopes when the area of ground is situated on 
the upper third of the slope but away from the crest of the hill. 

The shape of the building plays an important role in 
terms of energy conscious construction. The outer surface 
of the building is in direct contact with the external climate 
and gives up valuable energy to the outside air. The design 
of the building should ensure that the smallest possible 
external surface is presented to the outside air in relation to 
the volume of the building. The shape to be aimed for is a 
cube, although a hemisphere in the ideal case. However, 
this ideal assumption applies only to a detached house. 



possible, each individual 


influencing factor should 


be carefully considered 
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The dependency of the 
level of incident radiation 
on a surface on the angle 
of incidence 
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Both effects act simultaneously in two dimensions - height and 
azimuth angle variation 



101 






SOLAR ARCHITECTURE 



South-facing surfaces inclined at an 
angle of 55-65 i; provide optimum 
utilisation of solar energy during the 
cold winter months 


South-facing surfaces inclined at 30-60 L ' 
are suited to good solar energy usage 
during the transition periods (these 
periods of the year are decisive for solar 
house optimisation) 


South-facing surfaces inclined at 0-30° 
are typical for summer use (e.g. for 
solar panels for domestic water 
heating), this being the optimum range 
for the collection of diffuse radiation 
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Solar energy usage as a function of the inclination 



.T.X 





Flat horizontal and inclined 
surfaces are well suited for the 
collection of diffuse radiation 



(cloudless sky} 



^ 4 j Vertical windows receive 
only up to 50% of the 
diffuse radiation when the 
sky is clouded 




receipt of diffuse radiation 
(cloudy sky) /\ 

iio%[_J i_ 


(7 ) Heat losses and temperature differences as a function of position 
on the terrain 



81% 
hemisphere 




I 98 ^ 
pyramid 



half cube with 
4 compact 
units 
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Surface optimisation - the heat loss reduces in proportion to 
the reduction in surface area 


Organisation of the ground plan 

In the passive utilisation of solar energy, the heat is utilised 
through direct incident radiation and heat storage in 
specific structural components such as walls and floors. 

Because of the conditions under which solar energy is 
used passively, the arrangement of the ground plan 
necessarily follows a particular logical layout. The 
continuously used living and sleeping accommodation 
should be south-facing and provided with large window 
areas. It is useful to provide glazed structures in these living 
and sleeping areas. There are three important reasons for this: 
{1} Extension of the living area 

(2) Gain in solar energy 

(3) Provision of a thermal buffer zone 

The little-used low-temperature unheated rooms, with low 
natural light requirements should be north-facing. They act 
as a buffer zone between the warm living area and the cold 
outside climate. 

Use of solar energy 

In the use of solar energy, a distinction is drawn between 
the active and passive use of solar energy. 

The active use of solar energy necessitates the 
application of equipment such as solar collectors, pipework, 
collector vessels circulation pumps for the transfer of the 
solar energy. This system entails large investment and 
maintenance costs which must be recovered solely by 
saving in the cost of energy. As a result, such systems 
cannot be operated economically in single family houses. 

The passive use of solar energy necessitates the use of 
specific structural components as heat stores, such as 
walls, ceilings and glazed units. The efficiency of this 
system depends on specific factors: 

(1) Climatic conditions - mean monthly temperature, solar 
geometry and incident solar radiation, hours of sunshine 
and level of incident energy radiation 

(2) Method of using the solar energy - indirect usage, direct 
usage 

(3) Choice of materials - absorption capability of the surface 
and heat storage capability of the materials 
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Direct usage of solar 
energy through glazed 
surfaces 
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Indirect use of solar energy 
through a Trombe wall 
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Winter day: incident solar 
radiation heats the air 
between the pane and the 
Trombe wall; room air is 
circulated through the 
lower and upper flaps and 
thus heated 



Winter night: thoroughly 
^ warmed wall acts as a radiant 
heat surface in the room; with 
the upper and lower flaps 
closed, the stationary layer of 
air between the external 
glazing and the Trombe wall 
helps to reduce the heat loss 





































SOLAR ARCHITECTURE 



O 



structures during summer 


External sun shades are 
effective in preventing solar 
radiation from entering the 
structure, but weather quickly 




from neighbouring buildings is 
a disadvantage 


can give an effective balance 



Alternative ways of adding glass structures to existing buildings 
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Plan view - ground floor 





(IT) Solar town house with winter gardens for two storeys 




Single family house with 


glazed extension 

®-@ 


® The function of 

hypocaustic gable wall 


1 living room 

2 dining room 

3 glazed extension 


5 guest room 

6 domestic room 

7 kitchen 


heating 

9 bedroom 

10 dressing room 

11 bathroom 


13 guest room 

14 children's room 

15 balcony 
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plan 

1 corridor 

2 domestic systems 

3 storage room 

4 cellar 

5 wet storage cellar 

6 double garage 

7 wind trap 

8 vestibule 

9 living room 
10dining room 

11 kitchen 

12 hot water system 
room 

13 children's room 

14 energy 
greenhouse 

15 storage surface 

16 bedroom 

17 balcony 
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(13) Ground floor 


(14) Upper floor 

























SOLAR ENERGY 


fight 


household 

equipment 



(©) Energy use in a household 

hot water cold water 




body care 531 toilets 201 

washing, laundry 181 drinking, cooking 4! 


dish washing 
other cleaning 


101 car washing, 
71 garden 


total 881 total 281 

(^T) Use of water in a household 

house 
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Use of sun's radiation 





1 ventilation 

2 transmission 

3 heating 

4 hot water 




-good ievel of thermal insulation (100W.'rn ? l 

— very good level of thermal insulation (70W/rtv’l 





Heating and fuel requirements 
of houses in relation to 
insulation levels 

collector 
angle 
slope 






(^) Angle of slope of collector 


sun's radius |in summer 
house r 



\45°-53° 
(IT) Sun's radius in winter 



Swimming pool absorber 



stand ard sol ar technique 

* m => 


thermal sun 
energy use 


low temperature 
hot water supply 
swim, pool, rm heating 



passive solar energy 



£_i 

□ □ 


low temperature for 

□ 

Hn 


room heating 


concentrated solar collector 
{parabolic mirror) 


Hot water supply solar 
installation 



About 1.5m 2 of collector 
area and about 1001 volume 
of water in the storage tank 
is needed per person in the 
household. > © A 30-pipe 
solar collector with an 
absorption surface of 3m 2 
is needed to produce hot 
water for a 4-person 
household. The collector 
will produce about 
8.5-14.0kWh solar heat per 
day, depending on the 
amount of sunshine, i.e. 
enough to heat 200-2801 of 
water. * (5) Within the 
foreseeable future, the sun 
cannot provide enough 
power for heating, so solar 
heating installations still 
require a conventional 
heating system. 

There are two different 
technologies. Solar heat: 
thermal collection of solar 
energy using collectors 
{equipment which catches 
and accumulates solar 
thermal energy). Thermal 
energy is used to heat 
water. Solar electricity: 
photovoltaics is the direct 
conversion of the sun's rays 
into electrical energy (direct 
current) with the help of 
solar cells. 
























Air movement is caused by pressure differences, i.e., disturbances 
to the state of equilibrium, resulting from: 

U) temperature differences 'natural ventilation' - windows, 

(2) natural wind i doors, ventilation shafts 

(3) ventilators. 'mechanical ventilation' 



Room ventilation systems are used to guarantee a specific 
room climate. In fulfilling this objective, the following 
requirements must be satisfied, depending on the application: 
{a) Removal from rooms of impurities in the air including 
smoke and other harmful substances, and suspended 
particles 

(b) Removal of perceptible heat from rooms: unwanted 
quantities of both hot and cold air 
<c) Removal of latent heat from rooms: enthalpy flows of 
humidifying air and dehumidifying air 
(d) Protective pressure maintenance: pressure maintenance in 
buildings for protection against unwanted air exchange. 
Most of the requirements under (a) are solved through 
continuous replacement of air (ventilation) and/or suitable air 
treatment (filtering). Requirements of type (b) and (c) are 
usually met by appropriate thermodynamic treatment of the air, 
and, to a limited degree, by air replacement. Requirements of 
type (d) are solved by various types of mechanical control of 
supply and extraction air. 

Natural ventilation 

Uncontrolled air is admitted through joints and gaps in window 
frames, doors and shutters (as a result of the effects of wind) 
rather than through the walls. However, the increased use of 
thermal insulation measures in buildings means that the natural 
sources of ventilation through gaps in windows and doors may 
no longer be adequate. It may therefore be necessary to provide 
controlled ventilation in living accommodation, using mechanical 
ventilation systems and, if necessary, to replace the heat lost as a 
consequence. 

Window ventilation -> (5)- (8) p.179 is generally adequate for 
living rooms. Sash windows are favourable, where the outside 
air is admitted at the bottom and internal air flows out above. 

Intensive ventilation is brought about by mechanical 
ventilation systems. In accordance with the building 
regulations, this is a requirement for windowless bathrooms 
and WCs, with the removal of air to the outside via ducting. 
Allowance should be made for the requirement of a flow of 
replenishment air through ventilator grills, windows and/or 
gaps in the fabric of the building. Furthermore, as far as is 
possible, draught-free admission of the outside air must be 
provided. 

The installation of simple ventilator grills in outside walls for 
inflow and outflow of air leads to the danger of draughts in the 
winter. Mechanical ventilation systems are better. 


VENTILATION AND AIR CONDITIONING 

Humidity of room air 

For comfort, the upper limit for the moisture content of the air 
is 11.5kg of water per kg of dry air. A relative humidity of 65% 
should not be exceeded. The minimum flow of fresh air per 
person for cinemas, banqueting halls, reading rooms, 
exhibition halls, sale rooms, museums and sports halls is 
20m 3 /h. The value for individual offices, canteens, conference 
rooms, rest rooms, lecture halls and hotel rooms is 30m 3 /h; it is 
40m 3 /h for restaurants, and 50m 3 /h for open plan offices. 
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VENTILATION AND AIR CONDITIONING 


Several handling stages are usually involved in ventilation and 
air conditioning. Filtering; air heating; air cooling; and washing, 
humidifying and evaporative cooling are discussed on this 
page. For ventilation and damping > p. 107. 

Filtering 

Air cleaning to eliminate coarse dust particles: 

(a) Oiled metal filter plates in air filter chambers or 
automatic circulation filters; used particularly for the 
ventilation of industrial premises. Disadvantage: 
entrainment of oil mist. 

(b) Dry layer filter mats made of textile or glass fibre in metal 
frames; not recoverable; also as roll tape filter with 
automatic cleaning. 

Fine cleaning and separation of fine soot 

(c) Electrostatic air filter; the dust is ionised and deposited 
on negatively charged metal plates. Very low air 
resistance. Disadvantages: large filter chambers; 
cleaning with warm water. 

(d) Fine filtering through filter media of paper, or glass fibre. 
Advantages: cheap to manufacture; no corrosion from air 
containing harmful substances; high operating safety. 
Disadvantage: greater air resistance than electro filters, 
which increases as the filter is soiled, leading to 
disruption of the air flow. 

(e) Air washing: removes dust or aerosols and acid fumes, 
but not soot, and therefore should not be used in areas 
with many oil-fired heating installations. 


fitter class 

mean level of particle 
separation A rn relative 
to synthetic dust (%) 

mean efficiency E m 
relative to atmospheric 
dust f%) 

EU 1 

A ni < 65 


EU 2 

o 

CO 

< = 

to 


EU 3 

80 -- A,„ < 90 


EU 4 

90 v A n) < 


EU 5 


40 ^ E m < 60 

EU 6 


60 E,„ < 80 

EU 7 


o 

o 

o 

00 

EU 8 


90 E ri) < 95 

EU 9 11 


95 - E m 


11 air filters having a high mean efficiency may already satisfy the classification 
requirements for suspended material filter class 


(^P) Air filter classes 


Air heating 

(a) Controllability is limited with simple gravity-circulation 
solid-fuel heating installations. 

(b) Controllability is good with natural gas and heating oil, 
and with electrically heated equipment. 

(c) Heating with low-pressure steam, warm and hot water, 
using finned tube radiators made from galvanised steel 
or copper tube with copper or aluminium fins. Good, 
simple controllability. No need for local chimneys and 
flues. 

Air cooling 

Used principally for industry when constant temperature and 
humidity must be maintained over the whole year, also for 
commercial buildings and office blocks, theatres and cinemas in 
summer. 

(a) Cooling of the air with mains water or spring water. At a 
temperature of 13°C, spring water should be allowed to 
drain back again as much as possible on account of the 
ground water table level. In most towns, the use of mains 
water for cooling is not permitted and is uneconomical 
anyway, due to the high price of water. Spring water 
systems require the approval of the water authorities. 


(b) Compression cooling systems for room air conditioning 
must accord with strict regulations and must use non- 
poisonous refrigerants such as Freon 12 or Freon 22 (F12, 
F22), etc. If the cooling plant is in the direct vicinity of the 
central air conditioning area, direct evaporation of the 
refrigerant should take place in the cooling radiators of 
the air conditioning plant. Since 1995, substances 
containing CFCs are prohibited. 

(c) In large installations, cooling of the water takes place 
within a closed circuit, with distribution by pumps. 
Advantages: the central cooling plant can be in an area 
where noise and vibration are not troublesome; very safe 
in operation. Today, compact cold water systems and 
prefabricated air conditioning/cooling units are available. 

For large cooling installations 

<d) Compression of the refrigerant in a sealed unit turbo 
compressor (complete machine installation with 
compressor, water-cooler and condenser), low vibration 
and very low noise levels. 

(e) Absorption cooling facility with lithium bromide and 
water. Due to the vaporisation of the water, heat is 
extracted from the water to be cooled; water vapour is 
absorbed by the lithium bromide and continuously 
evaporated in the cyclic process, then condensed again 
and passed to the first vaporisation process. Very low 
noise levels; vibration-free system requiring little space. 

(f) Steam jet cooling: A high velocity steam jet induces a 
negative pressure in a vessel. Circulating cooling water 
becomes atomised and vaporised, with simultaneous 
cooling. The cold water is transferred to the air coolers of 
the air conditioning plant. This method of cooling is 
employed in industrial applications. 

The condenser heat must be disposed of in all mechanical 
cooling systems. Various means are employed for this purpose, 
e.g. water cooled condensers, which are cooled by spring water 
or circulating water, and air cooled condensers. On water- 
cooled condensers, the spring water installation requires 
approval by the local water authorities. Also, careful checks 
should be made as to whether the spring water contains any 
aggressive substances which would damage the condensers in 
the cooling installation. If appropriate, sea water resistant 
condensers must be used (cost factors). 

A return cooling system is necessary on circulating water 
installations (cooling tower). In the cooling tower, circulating 
water is sprayed by jets. The water then flows over layers of 
granular material and is blown through with air (evaporative 
cooling). The cooling towers should be sited away from 
buildings or, better still, be sited on the roofs of buildings, due 
to the level of noise generated. The same applies to air cooled 
condensers. 

Washing, humidifying, evaporative cooling 

Air washers provide humidification for dry air (when correctly 
set) and, to a certain degree, they can also provide air cleaning. 
By means of saturation, i.e. increasing the absolute water 
content of the air in the washer, 'evaporative cooling' can take 
place at the same time; this provides the possibility of cheap 
cooling for industrial air conditioning facilities in areas where 
the outside air is of low humidity. The water is very finely 
atomised in the air washer, through the use of pumps and jet 
sprays. The sprays are housed in galvanised steel sheeting or 
watertight masonry or concrete. An air rectifier or water-control 
sheeting prevents the escape of water into the conditioning 
chamber. 

Other humidifying devices 

(a) Evaporation vessels on heating elements or atomisers. 

(b) Centralised device with steam or electrically heated 
evaporation vessels (disadvantage is scaling). 

(c) Rotating atomisers (aerosol apparatus) - only usable 
where low volumes of air are involved 




VENTILATION AND AIR CONDITIONING 


The efficiency of a good ventilation design can be 80-90%, 
depending on the application. Both radial and axial fans 
produce the same noise levels up to a total delivery pressure of 
approx. 40 mm head of water. Above this level, axial fans are 
louder and they are used particularly in industrial construction. 
Special foundations are provided with damping elements to 
isolate vibration levels. 



in \u ji\ 


1 j Air admission grilles showing flow directions 



a b c d e f 



Ventilation openings: a = self opening; b,c,d,e = non-moving; d = 
for dark rooms; f = manually operated 



for illumination 

® Air inlet and outlet grilles 
Sound damping 

Sound dampers are provided in air ducts to reduce noise from 
installed machinery into the air-conditioned rooms. The length 
of these in the direction of air flow is 1.5-3m, depending on the 
damping to be achieved. The design may embody baffles made 
from non-combustible material, e.g. moulded fibre boards or 
from sheeting with a rockwool filling. The requirements for 
sound insulation in building construction should be observed. 

Ducts and air outlets and inlets are in galvanised steel sheet, 
high-grade steel or fire-resistant fibre board or similar. Ideally, 
the cross-section should be square or round, or rectangular 
with an aspect ratio of 1:3. Regular servicing is necessary, and 
the requirements for fire protection of ventilation systems must 
be observed. 

Masonry or concrete built ducts are more economical than 
sheet construction for large floor or rising ducts. Masonry ducts 
dampen noise better than concrete. The insides should be 
smoothly plastered and have a washable surface coating. Air 
entry ducts should be provided with lightweight insulation only, 
so that heat retention is avoided. The duct cross-sections 
should be large enough for cleaning (soiling impairs the 
condition of the air). So, the floor air-exhaust ducts should be 
equipped with drainage pipes or channels with sealed screwed 
connections and the air ducting should have adequate access 
openings for cleaning purposes. 

Cement fibre ducts (asbestos-free) are suitable for moist, 
non acid containing air and plastic ducts for aggressive, 
gaseous media. Inlet and outlet gratings should not be sited in 
accessible floor areas (except in industrial construction and 
electronic data processing rooms). Air outlets are crucial for the 
distribution of air in rooms; the flow should be directed 
horizontally and vertically. Grilles for air inlets and outlets 
should be designed from an air conditioning standpoint, but 
should also be easy to clean - ideally made from stove 
enamelled sheet. * © - (3) 

The introduction of air into offices should, when possible, be 
at a window (point of most pronounced passage of cold and 
heat). Air removal should be on the corridor side. For theatres, 
cinemas and lecture rooms, admit air under the seats, and 
remove through the ceiling. This method depends on the shape 
and usage of the room. 


Plant rooms 

Air conditioning and ventilation systems should be considered 
during preliminary planning, as they have a major influence on 
building design and construction. Plant rooms should be as 
near as possible to the rooms to be air-conditioned, provided 
this is acoustically acceptable, and have good accessibility. The 
walls should be of masonry, plastered, with a washable coating, 
preferably tiled. 

Floor drainage should be provided in all compartments, and 
have traps and airtight removable covers. Where plant rooms 
are above other rooms, watertight floors should be provided. 
External walls need insulation and vapour barriers, to avoid 
damage by condensation. The extra floor loading for machinery 
in a plant room can be 750-1500kg/m 2 , plus the weight of the 
walling of the air ducting. In situations where there are 
extremely high requirements for noise and vibration reduction, 
consideration should be given to flexible mounting and 
isolating a plant room as a 'room within a room'. 

Space requirements for air conditioning equipment are very 
much dependent on the demand for air filtering and sound 
damping. In narrow, long floor shapes, the compartments can 
be arranged in sequence, one after the other. 

• Simple industrial conditioning systems: approx. 12m long 

• For full air conditioning systems: approx. 16-22m long 

• For air extract systems: approx. 4-6m long. 


Width and height (clear space) for industrial and full air 
conditioning system plant rooms: 


air supply m 3 /h 

width (m) 

height (m) 


< 20 000 

3.0 

3.0 | 


20-40000 

4.0 

3.5 \ room centre 


40-70000 

4.75 

4.0 j 


An additional 1.5-2m 

should be 

allowed for assembly 

and 

maintenance access. 

In the case 

of large installations, 

for 


heating and air conditioning distribution systems, allowance 
should be made for common maintenance access and space for 
the control panel. 

Air conditioning systems for large offices 

It is useful to use several conditioning systems for large and 
open planned rooms. An isolated conditioning zone can be 
installed in the fagade area (high-velocity systems) and a 
separate area for the internal zone, with low pressure or high 
velocity systems -> (4). 



Construction management: Dyckerhoff Zement AG 
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Example of a high pressure air conditioning system {System LTG}. 
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High-pressure air conditioning systems 

To meet the demand for heat in winter and cooling in 
summer, large cross-sections of low-pressure air 
conditioning systems are needed - it is not for ventilation. 
High-pressure air conditioning systems require only 
approx. V3 of the usual air quantities; they use external air 
for ventilation while transporting heat and cold through 
water pipes (1 m 3 of water can transport approx. 3450 times 
more heat than 1m 3 of air). An air conditioning convector 
unit (with special air outlet jets and a heat exchanger) 
installed under every window is supplied with conditioned 
air and cooled or heated water. Regulation takes place only 
at the heat exchanger. Smaller quantities of air enable 
smaller control rooms to be used and with acceptable air 
conditioning. The external air is cleaned using a pre-filter 
and a fine filter. The whole building is at a slight positive 
pressure with respect to the outside, so that any air gaps in 
the building fabric have virtually no effect. 

Air conditioning convectors 

General requirements: noise intensity < 30-33phon; air filter 
for cleaning the secondary air; heat exchanger must be able 
to ensure full heating to room temperature in any weather, 
even without the ventilation air system; cold water 
temperature in summer must be 15-16°C, or the cooling 
operation will be uneconomical and condensation will form 
on window systems (soiling of cooling surfaces). For ideal 
flow conditions without vibration, high-pressure air 
ductwork should be of round section where possible. With 
a vertical arrangement of supply lines and window spacings 
of 1.5-2m, alternate the structural columns with vertical 
service ducts containing the air ductwork and water pipes. 
Rising air ductwork for buildings with 7 storeys are 
^5—255mm diameter. For taller buildings, separate 


VENTILATION AND AIR CONDITIONING 

supplies lines are needed for each 7-10 storeys and a storey 
devoted to the installation of heating and ventilation plant. 
A more expensive arrangement involves a main air shaft, 
with horizontal distribution along the corridors and 
branching ductwork directed outwards into the ceiling voids 
above rooms, to terminate directly behind the facade above 
the windows, or, at floor level, in the rooms above through 
holes in the floor structure. Max. office depth for high- 
pressure installations: 6m, beyond which air cooling 
requires an additional central conditioning system. Max. 
building depth without a central system: (2x6=) 12m plus 
the corridor. Air can be removed through ducts over 
corridor wall storage cupboards or in ducting above the 
corridors and through WCs. In high-pressure systems, air is 
not recirculated (the air mass has already been reduced to 
that required for acceptable ventilation). For limited 
operation, the primary air flow can be reduced in the plant 
room. 

Ventilation systems for kitchens 

For large kitchens (height 3-5m), render the upper sections 
(walls and ceilings) in porous plaster (no oil painting); 
provide 15-30 air changes, pressure below atmospheric, 
creating air flow from adjacent rooms into the kitchen; use 
larger radiators as appropriate; group boilers, cookers and 
fryers together; provide air extraction with a fat filter; clean 
ducting annually; filter and heat the air inlet flow in winter. 
No air circulation system is needed; local heating and 
insulating glazing are needed. 



jJ) High-pressure air conditioning system (System LTG) 
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COLD STORAGE ROOMS 


component 

maximum heat 
exchange 
coefficient 
W/Or^K) 1 ’ 

required minimum 
thickness of 
insulating material 
without 
certificate 3 ’ 

external walls 

0.60 

50 mm 

windows 

double windows or double glazing 

ceilings under uninsulated roof space, and 
ceilings (including sloping roofs) and floors 
that form a boundary between rooms and 
the outside air above or below 

0.45 

80mm 

cellar floors and other floors which separate 
the building from the surrounding ground; 
walls/floors which form boundaries to an 
unheated room 

0.70 

40mm 


" heat transfer coefficients can be determined taking account of existing structural 
components 

31 thickness data relates to a thermal conductivity (-0.04W/(mK); where the insulating 
material has to be built in, or in the case of materials with other thermal 
conductivity values, the insulation material thicknesses must be balanced 
accordingly; existing mineral fibre or foam plastic materials can be assumed to 
have a thermal conductivity of 0.04W/(mK). 


Q 


Limitation of heat transfer on initial construction, replacement 
and on renewal of structural components 



0 4 8 12 16 20 24 

time days 
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Maximum storage duration at various temperatures and degrees 
of humidity {OK = -273.15X) 


type of meat 

storage 

storage duration 


temperature 

(months) 

beef 

- 18 

15 


- 12 

4 


- 9.5 

3 

pork 

- 18 

12 


- 12 

2 up to 4 


- 9.5 

1 

loin of pork 

- 18 

5V2 


- 10 

4 

chicken 

- 22 

up to 18 


- 18 

up to 10 


- 12 

4 


- 9.5 

2 

turkey 

- 35 

over 12 


- 23 

12 


- 18 

6 


- 12 

3 
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Storage temperature and duration of storage 


To determine the cooling requirements for cold rooms, 
attention must be paid to the requirements of the commodities 
stored; humidity content, air changes, cooling or freezing 
duration, type of storage, etc. Also, consider the specific heat of 
the goods, internal environment, method of manufacture, 
position, heat from lighting and movements within the cold 
store. Calculation of the cooling requirement takes the 
following form ( -> pp. 111-16): 

(1) Cooling/refrigeration of the goods {cooling to the freezing 
point - freezing - supercooling) (Q = mxcpx At); if goods are 
to be frozen solid, the necessary heat must be removed at the 
freezing point, and, subsequently, the specific heat of the 
frozen goods is lower; the humidity extraction is 
approximately 5% 

(2) Cooling and drying of the extracted air 

(3) Heating effects through walls, ceiling, floor 

(4) Losses: movements in and out of storage (door opening), 
natural and electric lighting, pump and ventilator operation 

(5) Condensation of water vapour on walls 

The cold storage of freshly slaughtered meat is cooled from 
303.15K to a temperature of 288.15K. This is achieved by placing 
it in a temperature of 280.15-281.15K at a relative humidity of 
85-90% in the pre-cooling room for 8-10 hours, and then storing 
it at 275.15K-281.15K at a relative humidity of 75% for up to 28-30 
hours in the cool room. Cooling and storage takes place 
separately. Weight loss over 7 days is 4-5%. Today, rapid cooling 
is used increasingly, no pre-cooling stage, meat is cooled from a 
slaughter temp, of 303.15K to a storage temp, of 274.15K, with 
60-80 circulations of the air per hour and at a relative humidity of 
90-95%. 

Meat cooling and refrigeration 

The freezing process changes the condition and distribution of 
the water in meat, while the meat composition remains 
unchanged. 

Beef is frozen to 261.15K and pork to 258.15K, at a relative 
humidity of 90%. Duration of freezing: mutton, veal, pork, 2-4 
days; beef, hindquarters 4 days, forequarters, 3 days. Correct 
thawing period: 3-5 days to 278.15-281.15 K, restores the meat 
to a fresh condition. 

Recently, mainly in the USA, rapid freezing methods have 
been employed, at temperatures of 248.15-243.15K, involving 
120-150 air circulations per hour. The advantages are: lower 
weight loss, increase in tenderness, replacement of the curing 
process, lower liquid loss, good consistency and preservability 
after thawing. 

Storage duration is dependent on the storage temperature; 
for example, for beef the storage duration is 15 months at 
255.15K, 4 months at 261.15K and 3 months at 263.65K. 

Cold room volume: 1 m 3 is suitable for the storage of 
400-500kg of mutton, 350-500kg of pork, 400-500kg of beef, 
with a standard stacking height of 2.5m. 

Refrigeration of fish 

Fresh fish can be maintained in this condition on ice at 272.15K 
and at a relative humidity of 90-100% for a period of 7 days. 
Longer storage times can be achieved through the use of 
bactericidal ice {calcium hypochlorite or caporite). For even 
longer storage, rapid freezing to 248.15-233.15 K is required, if 
necessary use glazing with fresh water to keep air out and 
prevent drying up. Fish crates are 90 x 50 x 34, giving a weight 
of approx. 150kg. 

Refrigeration of butter 

Butter refrigerated to 265.15 K has a storage duration of 3-4 
months and a duration of 6-8 months at a temperature of 
258.15-252.15K. Lower temperatures can provide a period of up 
to 12 months. The relative humidity should be 85-90%. Butter 
drums are 600mm high with a diameter of 350-450mm, 
resulting in a weight of 50-60kg. 

Refrigeration of fruit and vegetables 

Immediate cooling is required, since a reduction of temperature 
to 281.15K delays ripening by 50%. Storage duration depends 
on air quality (temperature, relative humidity, movement), 
variety, maturity, soil quality, fertilising, climate, transportation, 
pre-cooling, etc. 




COLD STORAGE ROOMS 


Cooling of eggs 

Cold storage eggs are those stored in rooms whose 
temperature has been artificially controlled to a value lower 
than 8°C. Such eggs must be identified as 'cold storage 
eggs'. To avoid sweating, if the temperature outside the 
cold storage room is more than 5°C greater than inside, the 
eggs must be warmed in a defrosting room with controlled 
air conditioning on removal from cold storage. The area of 
the defrosting room is approx. 12% of that of the cold 
storage room. The warming-up time for quarter crates is 
approx. 10 hours; 18-24 hours for complete and half crates. 
Stacking of the quarter crates in the defrosting room: 
around 5000-6000 eggs (approx. 400kg gross) per m 2 . 
Crates of 500 eggs are 920mm long, 480mm wide and 
180mm high; for 122 dozen (= 1440) eggs, 1750 x 530 x 
250 mm. A basis for calculation is 10-13 crates for 30 dozen, 
occupying 1 m 3 in the storage room; since one egg weighs 
50-60 grams, there is a weight of between 180-220kg of 
eggs in the 1 m 3 . A net volume of 2.8 m 3 cold room capacity 
is required for 10,000 eggs. Two million eggs fill 15 freight 
wagons. For export, the eggs are packed in crates of 1440 
items; wood shavings are used as packing between the 
eggs, giving a gross weight of 80-105kg. For Egyptian eggs, 
this weight is 70-87kg, tare, i.e. the empty crate and 
shavings weigh 16-18kg. One wagon contains 100 half 
export crates holding 144,000 eggs or 400 'lost' crates with 
360 items each. Standard crates for 360 eggs are 660mm 
long, 316mm wide and 361mm high (the so-called 'lost' 
crates). They can be divided into two by a central partition. 
Cardboard inserts are used. The crates are made from dry 
spruce; pine is unsuitable. Stacked 7 crates high, 
10,000-11,000 eggs can be stored on a net area of 1 m 2 . Dry 
air, at 75% humidity and air-tight packaging is used, with 
cube-shaped crates with 360 eggs in each, in protective 
cardboard pockets. If the eggs are exposed to the ingress of 
air, the air humidity can be 83-85%. The air humidity in the 
store is controlled by first supercooling then heating it 
within the ventilation system. The weight loss during the 
first months in cold storage is severer than later months; a 
weight loss of 3-4.5% occurs after 7 months. Eggs can also 
be conserved in a gaseous atmosphere of 88% C0 2 and 12% 
N, after Lescarde-Everaert, in gas-filled autoclaves at 
around 0°C. This preserves the eggs in their natural state. 
Uniformity of temperature and air humidity are important 
factors. Ozone is frequently introduced into egg cold 
storage rooms. The cooling requirement during storage is 
3300-5000 kJ/day per m 2 of floor surface - higher during the 
period when eggs are introduced. The storage periods run 
from Apr/May to Oct/Nov. 

Cooling and refrigeration of poultry and game 

Large game (red deer, roe deer, wild boar) must be drawn 
before freezing, but this is not necessary for small game 
(hare, rabbit, game birds). Freezing takes place before 
plucking, with the game free-hanging; storage being in 
stacks on gridded floor panels. There should be plenty of air 
movement during freezing, but little during storage. These 
numbers of game can be stored per square metre of floor 
area (3[t]m high): approx. 100 hares, or 20 roe deer, or 7-10 
red deer. The air humidity should be approx. 85% at -12°C. 

Domestic poultry should not be frozen and stored with 
game, as the fat content of the former requires a lower 
temp, and is sensitive to the smell of game. The cooling of 
poultry takes place at 0°C and at 80-85% relative humidity, 
with the birds suspended on frames, or alternatively, in iced 
water; storage at 0°C and 85% relative humidity, with a 
storage duration of approx. 7 days. Freezing at approx. 
-30--35°C, storage at around -25°C and 85-90% relative 
humidity. The freezing time for a chicken is approx. 4 hours 
at an air velocity of 2-3m/sec. Deep freezing, using the 
cryovac method, takes place in vacuum latex bags. Young 
chickens will freeze through in 2-3 hours. Storage duration 
is approx. 8 months at -18°C. To prevent rancidity, the 
poultry is protected by wrapping in water vapour tight 
polyethylene film. 


Brewery products 

Malt floors: 8-0°C 

Cooling requirement per m 2 of floor area: 5000-6300 kJ/day 

Fermentation cellars: duration is 8-10 days at 3.5-6°C 

Cooling requirement: 4200-5000 kJ/day per m 2 of floor area 

Cooling requirement for the fermentation vat cooling: 

500-630kJ per hi fermented wort per day 

Storage cellar: -1.0°C to +1.5°C; cooling requirement 

approx. 20-25Wm 3 , related to the empty room, or 

2.5-3kcal/h per hi of storage capacity 

Installed cooling power: approx. 2.1-2.3WhI yearly output 

Room cooling, general 

From the viewpoint of reserves and safety, the cooling 
system is designed to have a higher performance than the 
calculated cooling requirement. It is assumed that the 
cooling system will operate for 16-20 hours per day in 
cooling and freezing rooms; in individual cases, e.g. for 
efficient utilisation of electrical tariffs, the period may be 
even shorter. In meat cold storage rooms, the cooling 
power should not be too high, so that during periods of 
reduced cooling requirements, adequate operating 
durations and the required throughput of air in the room 
will still be guaranteed. 

In small commercial cold storage rooms with a 
temperature of approx. 2-4°C and a product throughput of 
50kg/m 2 per day, the following table serves as a reference 
to determine the cooling requirement and the requisite 
power of the cooling system. 

cold storage room cooling cooling 

floor area power system 

requirement 

_m 2 (kJ/day) (W) 


5 

50000 

870 

10 

82000 

1400 

15 

111300 

1900 

20 

138600 

2400 

25 

163800 

2850 

30 

187000 

3250 


The following figures can be used for further calculations: 
Cold storage rooms with multi-storey construction: 
5000-8400 kJ/day/m 2 

Cold stores of single-storey construction: 
1050-1700 kJ/day/m 2 

Storage capacity per m 2 of floor area - hanging storage - after 
reduction of approx. 15-20% for gangways: mutton 150-200kg 
(5-6 items), pork 250-300kg (3-3.5 whole, 6-7 sides), 
beef 350kg (4-5 quarters of beef) 

Per running metre - low hanging rail: 5 halves of pork or 3 
quarters of beef or 2-3 calves 

Distance from centre to centre of rails (low rail): approx. 

0.65m, height to centre of rail: 2.3-2.5m 

Distance from rail to rail (high rail): 1.20-1.50m with free 

passage way; height with tubular track: 3.3-3.5m 

Per running metre of high rail: 1-1 5m (2-3 sides of beef), 

depending on size 

Estimate of cooling requirements for meat: rapid cold 
storage room, 21000-31 500 kj/m 2 /day; most rapid cold 
storage room, 4200kJ/m 2 /hour 

Storage room for frozen meat - storage capacity per m 3 
of room volume: frozen mutton, 400-500kg; frozen pork, 
350-500 kg; frozen beef, 400-500 kg 
Standard stacking height: 2.5m 

Fats become rancid with the passage of time under the 
effects of light and oxygen, so that the storage duration is 
limited. 

Meat curing room: temperature 6-8°C 
Cooling requirement per m 2 of floor area: 
4200-5000kJ/day 

Brine in curing vats absorbs moisture from the air. 

One railway goods wagon of 15000kg loaded weight can 
accept approx. 170 hanging sides of pork over a floor area 
of 21.8m 2 . 
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Principle of heat transfer 
through a component 


temperature drop corresponds to i.R 

2 ^ Temperature variation in a 
single-layer component 
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internal Z 
plaster | 


outside 
"J rendering 


15 


wall 
— 30 


2 5 


thickness 



I 

k 

R 


(m) 

(W/mK) (=i/k> 

internal piaster 

0.015 

0.7 

= 0.02 

wall 

0.30 

0.22 

= 1.36 

outside 

0.025 

0.87 

= 0.03 

rendering 




1/C 



1.41 

1 /(<, 



0.12 

1/u a 



0.04 

IR 



1.57 

u © 



0.64 




(W/m 2 K) 


example: wall made from aerated 
concrete, 500 kg/m 3 , 300mm thick, 
plastered and rendered 
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Calculation of the U value of a multilayer component 


u V, 


HLwl^ 


A ? = 70 


insulation board 
plaster 


example: section through an attic area 



U, rafter area = 0.45 
U, rafter field = 0.95 


= 0.056 + 0.83 = 0.89 (W/m 2 K> 


(D Calculation of the mean thermal insulation value for combined 
^ components 




temperature drop corresponds to 1R layers shown in proportion to their 

individual thermal insulation values 
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Temperature variation in a 
multilayer component 
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As (5), but with distorted 
representation to show 
temperature variation as a 
straight line 



temperature of the inner surface of the wall H WI increases as the thermal insulation is improved 

©© Temperature variation across variously insulated components for an 
internal temperature = 28° and outside air temperature 0 a = -12° 


THERMAL INSULATION 

Terminology and Mechanisms 

Thermal insulation should minimise heat loss (or gain) allowing 
energy savings to be made, provide a comfortable environment for 
occupants, and protect a building from damage that might be 
caused by sharp temperature fluctuations (in particular, 
condensation). Heat exchange - by thermal convection, conduction, 
radiation and water vapour diffusion - cannot be prevented, but its 
rate can be reduced by efficient thermal insulation. 

Terms used in calculating thermal insulation values 

Although temperature is often given in degrees Celsius (°C), kelvin 
(K) is also used (OK = -273.15°C). 

Quantity of heat is expressed in watt hours (Wh). (1 Wh = 3.6kJ.) 

Thermal capacity, the heat necessary to raise the temperature of 
1 kg of material by 1 K, is a measure of the readiness to respond to 
internal heat or to changing external conditions. 1 kcal (= 1.16Wh) is 
the heat required to increase the temperature of 1 kg of water by 1 K. 

Thermal conductance (C-value), in W/m 2 K, measures the rate at 
which a given thickness of material allows heat conduction, based 
on temperature differences between hot and cold faces; no account 
is taken of surface resistance. Thermal conductivity (k-value or X 
specific to a given material), in W/mK (or kcal/mhK), measures the 
rate at which homogenous material conducts heat: the smaller the 
value, the lower the thermal conductivity. Thermal resistance (R- 
value = thickness/k), the reciprocal of thermal conductance (1/C), 
measures the resistance of material or structure with a particular 
thickness to heat transfer by conduction. Thermal resistivity (r- 
value), is the reciprocal of conductivity (1/k). 

UK thermal insulation standards have risen since 1990, under the 
new Building Regulations, in which the thermal insulation value is 
used to evaluate temperature variation in, and possibility of damage 
to, a structural component due to condensation. 

The thermal boundary layer resistance, 1/u, is the thermal 
resistance of the air 'boundary' layer on a structural component: 1/u., 
on the outside and 1/(Xj on the inside of the component. The lower 
the velocity of the air, the higher is the value of 1/u. Total resistance 
to heat flow ZR is the sum of the resistances of a component against 
heat conductance: ZR = 1/Uj + 1/C + 1/u a . 

The coefficient of thermal transmittance (U-value) - like thermal 
conductance - measures the rate at which material of a particular 
thickness allows heat conduction, i.e. the heat loss, and thus provides 
a basis for heating calculations, but the calculation is based on 
temperature difference between ambient temperatures on either side; 
account is taken of surface resistances of the structure. As the most 
important coefficient in calculating the level of thermal insulation, its 
value is specified in the Building Regulations, and is used by the 
heating systems manufacturer as a basis of measurement. 

The mean U-value of window (w) and wall (W) is calculated as 
Um(w * wi = x F w + U w x F w ) -r (F w + F w ), F being the surface area. 
Similarly, U fTV the coefficient of a building cell is calculated from the 
F and U values of the components making up the cell - window (w), 
wall (W), ceiling (c), floor surface (f) and roof area in contact with air 
(r) - taking account of minimum factors for roof and ground areas: 
U m = U w xF w + U w xF w + U r xF r + 0.8U C xF c + 0.5U f x F f 
F w + F w + F r + F c + F f 

Heat transfer through a component: a quantity of heat is conducted 
through the internal air boundary layer and then the inner surface of 
the component; some of this heat overcomes the thermal insulation 
value of the component to reach the outer surface, overcomes the 
outer air boundary layer and reaches the outside air » ®. Changes 
in temperature through the individual layers are in proportion to the 
percentage each contributes to the resistance to heat flow ZR > (3). 

Example: If 1/Uj + 1/C + 1/« a = 0.13 + 0.83 + 0.04 = 1.00, then 
1 Ax p : 1/C: 1 Ax a = 13%:83%:4%. For a temperature difference of 40K 
between inside and outside, then: temperature difference across 
inner boundary layer = 13% of 40K = 5.2K; temperature across 
material = 83% of 40K = 33.2 K; and temperature across outer 
boundary layer - 4% of 40 K = 1.6K. 

The lower the thermal insulation of the component, the lower is 
the temperature of the inner surface of the component * (7), and the 
easier it is for condensation to occur. Since the temperature varies 
linearly through each individual layer, this appears as a straight line if 
the component is represented to scale in proportion to the thermal 
insulation of the individual layers * (5) - (6); the interrelationships are 
then more easily seen. The variation of temperature is particularly 
important in considering the expansion of the component due to heat, 
in addition to the question of condensation * p. 112. 
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Principle of heat transfer 
through a component 


temperature drop corresponds to 1R 

2 ^ Temperature variation in a 
single-layer component 
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internal A\ 
plaster 


outside 

rendering 


1 5 


wall 
— 30 


25 


thickness 


1 

k 

R 

(m> 

( W/mK) 

<='/0 

internal plaster 0.015 

0.7 = 

0.02 

wall 0.30 

0.22 = 

1.36 

outside 0.025 

rendering 

0.87 - 

0.03 

1/C 


1.41 

1/u, 


0.12 

1/u, 


0.04 

IR 


©57 


0.64 

(W/m 2 K) 


example: wall made from aerated 
concrete, 500 kg/m 3 , 300mm thick, 
plastered and rendered 


© Calculation of the U value of a multilayer component 


Eyiu 


A, = to A; = 70 

A « 80 

i-1 

example: section through an attic area 


multilayer component 



U,„ 

Ai 

A 

•u, + £.u 2+ ... 


u„ 

n l " 

V 

“ V r 

-n J +^r© + 


■ n ,J 

u (n 

A, 

A 

.u 1 + £.u, + ... 

A n 
+ TT 

u n 


U, rafter area = 0.45 
U, rafter field = 0.95 


:nsuIation board 
plaster 


u,„ = 0.45 + ■ 0.95 


: 0.056 + 0.83 = 0 89 (W/m 2 K) 
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Calculation of the mean thermal insulation value for combined 
components 




temperature drop corresponds to 1R layers shown in proportion to their 

individual thermal insulation values 
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Temperature variation in a 
multilayer component 
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As (5), but with distorted 
representation to show 
temperature variation as a 
straight line 



„ muedbes as me i 


temperature of the inner surface of the wait i 

Temperature variation across variously insulated components ft 
internal temperature tij = 28° and outside air temperature t) a = - 


THERMAL INSULATION 

Terminology and Mechanisms 

Thermal insulation should minimise heat loss (or gain) allowing 
energy savings to be made, provide a comfortable environment for 
occupants, and protect a building from damage that might be 
caused by sharp temperature fluctuations (in particular, 
condensation). Heat exchange - by thermal convection, conduction, 
radiation and water vapour diffusion - cannot be prevented, but its 
rate can be reduced by efficient thermal insulation. 

Terms used in calculating thermal insulation values 

Although temperature is often given in degrees Celsius (°C), kelvin 
(K) is also used (OK =-273.15°C). 

Quantity of heat is expressed in watt hours (Wh). (1 Wh = 3.6kJ.) 

Thermal capacity, the heat necessary to raise the temperature of 
1 kg of material by 1 K, is a measure of the readiness to respond to 
internal heat or to changing external conditions. 1 kcal (= 1.16Wh) is 
the heat required to increase the temperature of 1 kg of water by 1 K. 

Thermal conductance (C-value), in W/m 2 K, measures the rate at 
which a given thickness of material allows heat conduction, based 
on temperature differences between hot and cold faces; no account 
is taken of surface resistance. Thermal conductivity (k-value or A 
specific to a given material), in W/mK (or kcal/mhK), measures the 
rate at which homogenous material conducts heat: the smaller the 
value, the lower the thermal conductivity. Thermal resistance (R- 
value = thickness/k), the reciprocal of thermal conductance (I/O, 
measures the resistance of material or structure with a particular 
thickness to heat transfer by conduction. Thermal resistivity (r- 
value), is the reciprocal of conductivity (1/k). 

UK thermal insulation standards have risen since 1990, under the 
new Building Regulations, in which the thermal insulation value is 
used to evaluate temperature variation in, and possibility of damage 
to, a structural component due to condensation. 

The thermal boundary layer resistance, 1/a, is the thermal 

ipe (p6LUJ9[ ponuqgiA |9 Agl LGa|af9ucG l j\(X* is 1 [sg tpGLLU9| 

The thermal boundary layer resistance, 1/a, is the thermal 

resistance of the air 'boundary' layer on a structural component: 1/« a 
on the outside and 1/aj on the inside of the component. The lower 
the velocity of the air, the higher is the value of 1/a. Total resistance 
to heat flow XR is the sum of the resistances of a component against 
heat conductance: XR = 1/aj + 1/C + 1/u a . 

The coefficient of thermal transmittance {U-value} - like thermal 
conductance - measures the rate at which material of a particular 
thickness allows heat conduction, i.e. the heat loss, and thus provides 
a basis for heating calculations, but the calculation is based on 
temperature difference between ambient temperatures on either side; 
account is taken of surface resistances of the structure. As the most 
important coefficient in calculating the level of thermal insulation, its 
value is specified in the Building Regulations, and is used by the 
heating systems manufacturer as a basis of measurement. 

The mean U-value of window (w) and wall (W) is calculated as 
^miw + w) = xF w + U w x F w ) -r (F w + F w ), F being the surface area. 
Similarly, U m , the coefficient of a building cell is calculated from the 
F and U values of the components making up the cell - window (w), 
wall (W), ceiling (c), floor surface (f) and roof area in contact with air 
(r) - taking account of minimum factors for roof and ground areas: 
u rn = U w X F w + u w X F w + U r X F r + 0.8U C x F c + 0.5U f x F f 
F w + F w + F r + F c + F f 

Heat transfer through a component: a quantity of heat is conducted 
through the internal air boundary layer and then the inner surface of 
the component; some of this heat overcomes the thermal insulation 
value of the component to reach the outer surface, overcomes the 
outer air boundary layer and reaches the outside air > ®. Changes 
in temperature through the individual layers are in proportion to the 
percentage each contributes to the resistance to heat flow XR > (3). 

Example: If 1/aj + 1/C +1/« a = 0.13 + 0.83 + 0.04 - 1.00, then 
1/(Xj:1/C:1/(x a = 13%:83%:4%. For a temperature difference of 40K 
between inside and outside, then: temperature difference across 
inner boundary layer = 13% of 40K = 5.2K; temperature across 
material = 83% of 40 K = 33.2 K; and temperature across outer 
boundary layer = 4% of 40K = 1.6K. 

The lower the thermal insulation of the component, the lower is 
the temperature of the inner surface of the component * (7), and the 
easier it is for condensation to occur. Since the temperature varies 
linearly through each individual layer, this appears as a straight line if 
the component is represented to scale in proportion to the thermal 
insulation of the individual layers * (5) - (6); the interrelationships are 
then more easily seen. The variation of temperature is particularly 
important in considering the expansion of the component due to heat, 
in addition to the question of condensation * p. 112. 
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Solid wall without 
insulation 


Z®) Solid roof with vapour- 
^ proof outer skin 


thermal resistivity 
of component 7k 
inside 


layer sequence 
from outside 
to inside 

layer 

thickness 

d(cm| 

thermal 

insulation 

value 

Ip ■ d : D 

diffusion 

resistance 

p • d (cm) 

air layer, outside 


0.05 

_ 

concrete (2200 kg/m *} 

10 

0.057 

600 

styrofoam Type 4 

4 

1.144 

200 

plaster 

1.5 

0.020 

15 

air layer, inside 

- 

0.140 

- 

total 


1/y=1.411 

815 



^’l ' ITT® 

too 200 300 1000 
diffusion resistance Ip -d (cm) 


part of figure I part of figure II part of figure III 

Investigation of the production of water through condensation 
^ in a roof 

r cement asbestos panels 
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4 \ Solid wall with vapour- 
proof outer skin 
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plaster 


Solid wall with rear- 
ventilated outer skin 



Zg'N Water from condensation 
^ occurs on inside surface of 
the outside corner 

external concrete wall 
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No water due to 
condensation occurs on the 
inside corner 



Water from condensation 
occurs on large outer surface 
of the cold bridge (high heat 
extraction per unit area) 


internal concrete wall 

g ^ The heat extraction per 
unit area is significantly 
less on the large inside 
surface of the cold bridge 
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THERMAL INSULATION 

Types of Construction 

Construction without vapour barrier -» ® 

Conventional construction contains no vapour retarding layers. 
Layers should be provided so that no condensation occurs: for 
sufficient thermal insulation, the layer factor \ should fall from 
inside to outside. In the case of very damp rooms {e.g. 
swimming pools), the vapour pressure variation should be 
checked either graphically or by calculation. 

Note: on the outside of thermal insulation layers with normal 
plastering, there is a danger of cracking due to the build up of 
heat and low shear strength of the base material; therefore, 
glass fibre reinforced finishing plaster should be applied (but 
not in the case of swimming pools - see pp. 242-3). 

Construction with vapour barrier > ( 2 ) 

In more recent building construction ('warm roof', 'warm 
fagade'), there is a vapour impermeable outside layer, resulting 
in the necessity for an internal vapour barrier ( * p. 112). On 
vertical components, this is difficult to accomplish; a better 
form of construction is to provide a rear-ventilated outer skin 
(except for prefabricated walls). Note: the thermal insulation, 
including the air boundary layer on the layers up to the 
condensation barrier, must not exceed a specific level of 
contribution to the resistance to heat (p. 112). In solid 
constructions, protection of the vapour barrier against 
mechanical damage can be achieved by means of a protective 
layer. Since no high pressure - in the sense of a steam boiler - 
occurs on the inside of the vapour barrier, only vapour 
pressure ( > p. 112), the frequently recommended 'pressure 
compensation' provided by this layer, is not in fact required. 

Construction with rear ventilated outer skin > (5) 

Rear ventilation avoids the vapour barrier effect of relatively 
vapour tight outer layers. It works by exploiting height 
difference (min. fall 10% between air inlet and air outlet). If there 
is only a small difference, then a vapour-retarding layer or 
vapour barrier is required (arrangement -» construction with a 
vapour barrier), otherwise there will be excessive vapour 
transmission and condensation at the outer skin. The layering 
on the inner skin should be as for construction without a vapour 
barrier. However, the inner skin must always be airtight. 

Cold bridges are places in the structure with low thermal 
insulation relative to their surroundings. At these places, the 
contribution of the air boundary layer to the resistance flow to 
heat increases, such that the surface temperature of the inner 
surface of the cold bridge reduces and condensation can occur 
there. The increase in heating costs due to the cold bridge, on 
the other hand, is insignificant, so long as the cold bridge is 
relatively small; this is not the case, however, for single-glazed 
windows which, in reality, are also cold bridges »(7) p. 111. 

To avoid condensation on the surface of the component and 
its unwelcome consequences (mould growth, etc.), the 
temperature of the inner surface of the cold bridge must be 
increased. This can be achieved by either reducing the heat 
extraction through the cold bridge by means of an insulating 
layer against the 'outer cold' (increasing the thermal insulation 
reduces the percentage contribution of the air boundary layer to 
the resistance to heat flow IR), or increasing the heat input to 
the cold bridge by increasing the inner surface of the cold 
bridge, e.g. good conducting surroundings to the cold bridge, 
and/or blowing with warm air. This will result in an actual 
reduction in the inner surface resistance 1/«j in relation to the 
cold bridge and hence also the contribution of the air boundary 
layer to the resistance to heat flow IR. Typical examples are 
shown in (8). However, a normal outer corner in a building * 
forms a cold bridge, since, at such a point, the opposite to that 
shown in (9) occurs; a large heat transmitting outer surface is in 
combination with a small heat inputting inner surface, so that 
the insulation of the air boundary layer in the corners is 
appreciably higher than that on the surface. 

For this reason, condensation and mould are often seen in 
the corners of walls with minimal thermal insulation. 
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THERMAL INSULATION 



type of concrete 

raw weight 
of concrete 
(kg/m 2 ) 

thicknes 

12.5 

(cm) 

18.75 

25.0 

31.25 

37.5 

aerated concrete, foam 

400 

0.89 31 

1.34 31 

1.79 21 

2.23 21 

2.68 2 ' 

concrete, lightweight 

500 

0.78 3 ’ 

1.17 2> 

1.56 2t 

1.95” 

2.34” 

concrete, autoclaved 

600 

0.66 3) 

0.99 2 ' 

1.32” 

1.64” 

1.97 

concrete, autoclaved 
aerated concrete 

800 

0.54 2) 

0.82 1 ' 

1.09 

1.36 

1.63 

lightweight reinforced 

800 

O.dl 21 

0.63” 

0.83” 

1.04 

1.29 

concrete in closed 

1000 

0.33 2) 

0.49” 

0.66 

0.82 

0.99 

structure, using 

1200 

0.25 

0.38 

0.50 

0.63 

0.79 

expanded clay. 

1400 

0.20 

0.30 

0.40 

0.50 

0.60 

expanded slate, etc., 
without quartz sand 

1600 

0.17 

0.26 

0.34 

0.43 

0.51 

lightweight concrete 

600 

0.57 3) 

0.85 2) 

1.14” 

1.42” 

1.70 

with porous additions. 

1000 

0.35 

0.52 

0.69 

0.87 

1.04 

without quartz sand 

1400 

0.22 

0.33 

0.44 

0.55 

0.66 

1800 

0.14 

0.20 

0.27 

0.34 

0.41 

reinforced concrete 

(2400) 

0.06 

0.09 

0.12 

0.15 

0.18 


11 weight per unit surface area, including plaster > 200 kg/m 2 

21 weight per unit surface area, including plaster > 150kg/m 2 

31 weight per unit surface area, including plaster > 100kg/m 2 
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Thermal resistance 1/A (thermal insulation value; m 2 K/W) large 
format concrete components: the use of light reinforced 
concrete (e.g. for balconies) provides an improvement in 
thermal insulation of up to 68.3% 


Exterior Walls and Roofs 

Mineral plaster should not be used with outer insulation; instead, a 
rear-ventilated type should be used > (5) or synthetic plaster 
{reinforced glassfibre), if necessary, with a mineral finishing plaster. 

Critical detail points: Movement joint at flat roof junction * pp. 
80-1 et seq.; radiator alcove » (6). Thermal insulation is essential to 
reduce costs {thin wall, higher temperature) for the window 
junctions > (6). 

Special case of damp rooms {e.g. swimming baths): Greater 
insulation; max. contribution X of the inner layers (air boundary 
layer, layers up to the vapour barrier, » p. 113 is smaller. Synthetic 
plaster is used here, so a rear-ventilated cladding is a better barrier 
to condensation > (5); or use a construction incorporating a vapour 
barrier @. 


foamgiass glued 



© Multilayered wall with 
internal insulation 



vapour barrier 



© 


Wall with internal vapour 
barrier 


- air space 
- cement fibre panel 
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Multilayered wall without 
vapour barrier 


© 


Insulation of a radiator 
recess 


Thermal insulation details: Roof 



® 


Hall roof in timber 
construction (cold roof) 



Pitched roof with solid 
ceiling 



structural member for 
intermediate panels 
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Hall roof in steel construction 
with aluminium covering 


(cold roof) 
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THERMAL INSULATION 


item 

material 

gross 
density 
or gross 
density 
classification 
n zi 

kg/m-* 

calculated 
value 
of thermal 
conductivity 

W/(m • K> 

standard 
value of 
water 
vapour 
diffusion 
resistance 
coefficien 


1 rend 

er, screed and other mortar layers 



1.1 

lime mortar, lime cement mortar, 






mortar from hydraulic lime 

(1800) 

0.87 

15/35 


1.2 

cement mortar 

(2000) 

1.4 

15/35 


1.3 

lime plaster, plaster, anhydrous 






mortar, anhydrous time mortar 

(1400) 

0.70 

10 


1.4 

stucco without additives 

(1200) 

0.35 

10 


1.5 

anhydrous screed 

(2100) 

1.2 



1.6 

cement screed 

(2000) 

1,4 

15/35 


1.7 

magnesia screed 





1.7.1 

sub floors and underlayers of 






two layer floors 

(1400) 

0.47 



1.7.2 

industrial floors and walkways 

(2300) 

0.70 



1.8 

poured asphalt floor covering. 






thickness s 15mm 

(2300) 

0.90 

s> 


1 2 large format components 



2.1 

standard concrete 






(gravel or broken concrete with closed 






structure; also reinforced} 

(2400) 

2.1 

70/150 


2.2 

light concrete and reinforced concrete 

800 

0.39 




with closed structure manufactured 

900 

0.44 




with the use of additions with porous 

1000 

0.49 




surface with no quartz sand additions 

1100 

0.55 





1200 

0.62 





1300 

0.70 

70/150 




1400 

0.79 





1500 

0.89 





1600 

1.0 





1800 

1.3 





2000 

1.6 



2.3 

steam hardened aerated concrete 

400 

0.14 





500 

0.16 





600 

0.19 

5/10 




700 

0.21 





800 

0.23 



2.4 

lightweight concrete with porous 






structure 





2.4.1 

with non porous additions e.g. gravel 

1600 

0.81 

3/10 




1800 

1.1 





2000 

1.4 

5/10 


2.4.2 

with porous additions with no quartz 

600 

0.22 




sand additions 

700 

0.26 





800 

0.28 





1000 

0.36 





1200 

0.46 

5/15 




1400 

0.57 





1600 

0.75 





1800 

0.92 





2000 

1.2 



2.4.2.1 

using exclusively natural pumice 

500 

0.15 





600 

0.18 





700 

0.20 





800 

0.24 

5/15 




900 

0.27 





1000 

0.32 





1200 

0.44 



2.4.2.2 

using exclusively expanded clay 

500 

0.18 





600 

0.20 





700 

0.23 





800 

0.26 

5/15 




900 

0.30 





1000 

0.35 





1200 

0.46 



3 construction panels 



3.1 

asbestos cement panels 

(2000) 

0.58 

20/50 


3.2 

aerated concrete building panels, 






unreinforced 





3.2.1 

with standard joint thickness and 

500 

0.22 




wall mortar 

600 

0.24 





700 

0.27 





800 

0.29 



3.2.2 

with thin joints 

500 

0.19 





600 

0.22 





700 

0.24 

5/10 




800 

0.27 



3.3 

wall construction panels in 

800 

0.29 




ightweight concrete 

900 

0.32 





1000 

0.37 

5/10 




1200 

0.47 





1400 

0.58 



3.4 

wall construction panels from 

600 

0.29 




gypsum, also with pores, cavities, 

750 

0.35 




illing materials or additions 

900 

0.41 

5/10 




1000 

0.47 





1200 

0.58 



3.5 

gypsum board panels 

(900) 

0.21 

8 



4 mas 

onry work, including mortar joints j 

4.1 

masonry work in wall bricks 




4.1.1 

solid facing brick, vertically perforated 

1800 

0.81 



facing brick, ceramic facing brick 

2000 

0.96 

50 100 



2200 

1.2 


4.1.2 

solid brick, vertically perforated brick 

1200 

0.50 




1400 

0 58 




1600 

0 68 

5 10 



1800 

0.81 




2000 

0.96 


4.1.3 

hollow clay blocks 

700 

0 36 




800 

0.39 




900 

0.42 

510 



1000 

0.45 


4.1.4 

light hollow clay blocks 

700 

0.30 




800 

0.33 




900 

0.36 

5.10 



1000 

0.39 


4.2 

masonry work in limy sandstone 

1000 

0.50 




1200 

0.56 

5 10 



1400 

0.70 




1600 

0.79 

— 



1800 

0.99 




2000 

1.1 

15 25 



2200 

1.3 


4.3 

masonry work in foundry stone 

1000 

0.47 




1200 

0.52 




1400 

0 58 




1600 

0 64 

70 100 



1800 

0.70 




2000 

0.76 


4.4 

masonry work in aerated concrete 

500 

0.22 



blocks 

600 

0.24 




700 

0.27 

5,10 



800 

0.29 


4.5 

masonry work in concrete blocks 




4.5.1 

hollow blocks of lightweight concrete. 





with porous additions without quartz 





sand addition 




4.5.1.1 

2-K block, width < 240mm 

500 

0.29 



3-K block, width <■ 300mm 

600 

0.32 



4-K block, width < 365mm 

700 

0.35 




800 

0.39 




900 

0.44 

5/10 



1000 

0.49 




1200 

0.60 




1400 

0.73 


4.5.1.2 

2-K block, width = 300 mm 

500 

0.29 



3-K block, width = 365 mm 

600 

0.34 




700 

0.39 




800 

0.46 




900 

0.55 

5.10 



1000 

0.64 




1200 

0.76 




1400 

0.90 


4.5.2 

solid blocks in lightweight concrete 




4.5.2.1 

solid blocks 

500 

0.32 




600 

0.34 




700 

0.37 




800 

0.40 




900 

0.43 

5/10 



1000 

0.46 




1200 

0.54 




1400 

0.63 




1600 

0.74 




1800 

0.87 

10/15 



2000 

0.99 


4.5.2.2 

solid blocks 

500 

0.29 



(apart from solid blocks S-W of 

600 

0.32 



natural pumice as for item 4.5.2.3 and 

700 

0.35 



of expanded clay, as for item 4.5.2.4) 

800 

0.39 




900 

0.43 

5,10 



1000 

0.46 




1200 

0.54 




1400 

0.63 




1600 

0.74 




1800 

0.87 

10/15 



2000 

0.99 


4.5.2.3 

solid blocks S-W of natural pumice 

500 

0.20 




600 

0.22 




700 

0.25 

5/10 



800 

0.28 


4.5.2.4 

solid blocks S-W of expanded clay 

500 

0.22 




600 

0.24 




700 

0.27 

5,10 



800 

0.31 



’7') Characteristic values for use in heat and humidity protection 
estimates 





THERMAL INSULATION 


item 

matersa! 

gross 

calculated 

standard 



density 

value 

value of 



or gross 

of thermal 

water 



density 

conductivity 

vapour 



classification 

V 

diffusion 



1) 21 


resistance 

coefficient 



kg/m 3 

W/(m ■ K) 

M 4 ' 

4.5.3 

hollow blocks and T hollow bricks 
of standard concrete with a closed 
structure 




4 5.3.1 

2- K block, width < 240mm 

3- K block, width < 300mm 

4- K block, width < 365mm 

<<1800) 

0.92 


4.5.3.2 

2- K block, width = 300mm 

3- K block, width = 365mm 

<<1800) 

1.3 


5 thermal insulation materials 

5.1 

light wood fibre board panels 
panel thickness < 25 mm 

(360-480) 

0.093 



= 15mm 

(570) 

0.15 

2/5 

5.2 

multilayer light building panels of 
plastic foam sheets with coverings 
of mineral bound wood fibre 
plastic foam panels 
wood fibre layers (individual layers) 

(>15) 

0.040 

20/70 


10mm < thickness < 25mm 

(460-650) 

0.15 



> 25 mm 

(360-460) 

0.093 



wood fibre layers (individual layers) 
with thickness < 10mm must not be 

(800) 




considered when calculating the 
thermal resistance 1/A 




5.3 

foam plastic manufactured on the 
construction site 




5.3.1 

polyurethane (PUR) foam 

(>37) 

0.030 

30/100 

5.3.2 

urea formaldehyde resin (UF) - foam 

(>10) 

0.041 

1/3 

5.4 

cork insulation material 
cork sheets 

thermal conductivity group 045 


0.045 



050 

(80-500) 

0.050 

5/10 


055 


0.055 


5.5 

foam plastic 




5.5.1 

polystyrene (PS) rigid foam 
thermal conductivity group 





025 


0.025 



030 


0.030 



035 


0.035 



040 


0.040 



polystyrene particle foam 

<>15) 


20/50 



<>20) 


30/70 



(>30) 


40/100 


polystyrene extruded foam 

(>25) 


80/300 

5.5.2 

polyurethane (PUR) rigid foam 
thermal conductivity group 





020 


0.020 



025 


0.025 



030 

(>30) 

0.30 

30/100 


035 


0.035 


5.5.3 

phenolic resin <PF) - rigid foam 
thermaf conductivity group 





030 


0.030 



035 


0.035 



040 

(>30) 

0.040 

30/50 


045 


0.045 


5.6 

mineral and vegetable fibre insulation 
materials 





thermal conductivity group 





035 


0.035 



040 


0.040 



045 

(8-500) 

0.045 

1 


050 


0.050 


5.7 

foam glass 

thermal conductivity group 





045 


0.045 



050 


0.050 



055 

(100 to 105) 

0.055 

6) 


060 


0.060 


6 wood and wood materials 

6.1 

wood 




6.1.1 

pine, spruce, fir 

(600) 

0.13 

40 

6.1.2 

beech, oak 

(800) 

0.20 


6.2 

timber materials 




6.2.1 

plywood 

(800) 

0.15 

50/400 

6.2.2 

chip board 




6.2.2.1 

flat compressed panels 

(700) 

0.13 

50/100 

6.2.2.2 

extruded panels 

(full panels not planking) 

(700) 

0.17 

20 

6.2.3 

particleboard 




6.2.3.1 

dense particleboard 

(1000) 

0.17 

70 

6.2.3.2 

porous particleboard and bitumen 

200 

0.045 



wood particleboard 

300 

0.056 

5 

7 coverings, sealing materials and sealing rolls 

7.1 

floor coverings 




7.1.1 

linoleum 

(1000) 

0.17 


7.1.2 

cork linoleum 

(700) 

0.081 


7.1.3 

linoleum composite coverings 

(100) 

0.12 



7.1.4 

plastic coverings, e.g. including PVC 

(1500) 

0.23 


7.2 

sealing materials, sealing rolls 




7.2.1 

asphalt mastic, thickness > 7 mm 

(2000) 

0.70 

5) 

7.2.2 

bitumen 

o 

o 

0.17 


7.2.3 

roofing strip, roof sealing rolls 




7.2.3.1 

bitumen roof rolls 

(1200) 

0.17 

10000/ 

80000 

7.2.3.2 

bare bitumen roof rolls 

(1200) 

0.17 

2000/ 

20000 

7.2.3.3 

glass fibre - bitumen roof rolls 



20000/ 

60000 

7.2.4 

plastic roof rolls 




7.2.4.1 

PVC soft 



10000/ 

25000 

7.2.4.2 

PIB 



400000/ 

1750000 

7.2.4.3 

ECB 2.OK 



50000/ 

75000 

7.2.4.4 

ECB 2.0 




7.2.5 

sheets 




7.2.5.1 

PVC sheets, thickness > 0.1 mm 



20000/ 

50000 

7.2.5.2 

polyethylene sheets, thickness >0.1 mm 



100000 

7.2.5.3 

aluminium sheets, thickness >0.05mm 



hi 

7.2.5.4 

other metal sheets, thickness >0.1 mm 



b> 

8 other useful materials 

8.1 

loose ballasting, covered 




8.1.1 

of porous materials: 

expanded perlite 

expanded mica 

cork scrap, expanded 

blast furnace slag 

expanded clay, expanded slate 

pumice grit 

lava crust 

(<100) 

(<100) 

(<200) 

<<600) 

(<400) 

<<1000) 

<1200 

<1500 

0.060 

0.070 

0.050 

0.13 

0.16 

0.19 

0.22 

0.27 


8.1.2 

of polystyrene plastic foam particles 

(15) 

0.045 


00 

of sand, gravel, chippings (dry) 

(1800) 

0.70 


8.2 

flagstones 

(2000) 

1.0 


8.3 

glass 

(2500) 

0.80 


8.4 

natural stone 




8.4.1 

crystalline metamorphous rock 
(granite, basalt, marble) 

(2800) 

3.5 


8.4.2 

sedimentary rock (sandstone, 
metamorphic, conglomerate) 

(2600) 

2.3 


8.4.3 

natural porous ignous rock 

(1600) 

0.55 


8.5 

soil (naturally damp) 




8.5.1 

sand, sand and gravel 


1.4 


8.5.2 

cohesive soil 


2.1 


8.6 

ceramic and glass mosaic 

(2000) 

1.2 

100/300 

8.7 

thermal insulating plaster 

(600) 

0.20 

5/20 

8.8 

synthetic resin plaster 

(1100) 

0.70 

50/200 

8.9 

metals 




8.9.1 

steel 


60 


8.9.2 

copper 


380 


8.9.3 

aluminium 


200 


o 

00 

rubber (solid) 

(1000) 

0.20 


II the gross density values given in brackets are only used to determine the surface arer* 
related quantities, e.g. to demonstrate heat protection in summer 

21 the gross density values relating to stone are descriptions of class corresponding to the 
related material standards 

31 the given calculated values of thermal conductivity >. R of masonry work may be reduced 
by around 0.06W/(mK) when factory standard light masonry mortar from additions with 
a porous structure, without quartz sand additions are used - with a solid mortar gross 
density < 1000kg/m 3 , however, the reduced values for aerated concrete blocks - item 4 4 
and the solid blocks S-W of natural pumice and expanded clay - items 4.5.2.3 and 

4.5.2.4 must not be less than the corresponding items 2.3 and 2.4.2.1 and 2.4 2.2 

41 the respective, least favourable values, should be used for building construction 

51 in practice, vapour tight s, > 1500m 

61 in the case of quartz sand additions, the calculated values of thermal conductivity 
increase by 20% 

71 the calculated values of thermal conductivity should be increased in the case of hollow 
blocks with quartz sand additions, by 20% for 2-K blocks and by 15% for 3 K blocks and 

4-K blocks 

81 panels of thickness < 15mm must not be taken account of in thermal insulation 
considerations 

9> in the case of footstep sound insulation panels in plastic foam materials or fibrous 
insulation materials, the thermal resistivity 1/A is stated on the packaging in all cases 

10) the given calculated values of thermal conductivity 4 R apply to cross grain application in 
wood and at right angles to the plane of the panel in the case of timber materials In the 
case of wood in the direction of the grain and for timber materials in the plane of the 
panel, approx. 2.2 times the values should be taken, if more accurate information is 
unavailable 

III these materials have not been standardised in terms of their thermal insulation values; 
the given values of thermal conductivity represent upper limiting values 

121 the densities are given as bulk densities in the case of loose ballasting 


Characteristic values for use in heat and humidity protection 
estimates 






© 


Relationship between loudness intensity (phon), acoustic 
pressure (pb), sound level (dB) and acoustic intensity (pW/cm 2 ) 


0-10 

hearing sensitivity commences 

20 

soft rustle of leaves 

30 

lower limit of noises of everyday activities 

40 

mean level of noises of everyday activities, low level of conversation; 
quiet residential road 

50 

normal level of conversation, radio music at normal room level in closed 
rooms 

60 

noise of a quiet vacuum cleaner; normal road noise in commercial areas 

70 

a single typewriter; or a telephone ringing at a distance of 1 m 

80 

road with very busy traffic; room full of typewriters 

90 

noisy factory 

100 

motor horns at a distance of 7 m; motor cycle 

100-130 

very noisy work (boilermakers' workshop, etc.) 


(gggg© 

in general, humans hear a sound as 
having increased in intensity only 
twofold when, in fact, it has increased 
tenfold 

(^T) Sensitivity to sound 
intensity 

at normal frequencies 

Hz 

10000 


5000 

4000 

3000 

2000 


1000 


500 

400 

300 


200 


component thickness (cm) 

Boundary frequency of panels in various building materials 




Scale of sound intensities 



the wall { a) does not oscillate as a whole, 
but rather {b> in parts which vibrate in 
opposition to one another 


® 


Representation of 
transverse waves on a wall 


SOUND INSULATION 

Even if propagation of sound is avoided, complete elimination of a 
noise is impossible, ff the sound source and the hearer are located 
in the same room, then some reduction takes place through sound 
absorptivity > p. 120. If they are in separate rooms, then sound 
insulation is the main remedy. 

A distinction is made between sound insulation of airborne 
sound and sound insulation of structure-borne sound: airborne 
sound sources initially disturb the surrounding air, e.g. radio, 
shouting or loud music; with structure-borne sound, the sound 
source is propagated directly through a structure, e.g. movement of 
people on foot, noise from plant and machinery. Sound from a piano 
is an example of both airborne sound and structure-borne sound. 

Sound is propagated by mechanical vibration and pressure waves 
- very small increases and decreases in pressure relative to 
atmospheric pressure of the order of a few microbars (pb). (The 
pressure fluctuation generated by speaking in a loud voice is about one 
millionth of atmospheric pressure.) Sounds and vibrations audible to 
humans lie in the frequency range 20Hz-20000Hz (1Hz = 1 cycle per 
second). However, as far as construction is concerned, the significant 
range is 100-3200Hz, to which the human ear is particularly sensitive. 
In the human audible range, sound pressures extend from the hearing 
threshold to the pain threshold (T). This hearing range is divided into 
12 parts, called bels (after A. G. Bell, inventor of the telephone). Since 
0.1 be! (or 1 decibel = 1 dB) is the smallest difference in sound pressure 
perceptible to the human ear at the normal frequency of 1000Hz, 
decibels are a physical measure of the intensity of sound, related to 
unit surface area (T). Usually, noise levels of up to 60dB are 
expressed in dB(A); those of more than 60dB in dB(B), a unit which is 
approximately equivalent to the former unit, the phon. 

For airborne sound, the sound level difference (between the 
original sound level and the insulated sound level) serves to indicate 
the degree of sound insulation. For body-propagated sound, a 
maximum level is given, which must remain from a standard noise 
level. Sound insulation, principally due to mass, is provided by the 
use of heavy, thick components in which the airborne sound energy 
is initially dissipated through transfer of the airborne sound into the 
component, then through excitation of the mass of the component 
itself and then, finally, by transfer back into the air. If the component 
is directly excited (body sound), then its insulation is naturally lower. 

Light sound-damping construction -> © makes use of multiple 
transfer (air to component to air to component to air) in providing 
sound insulation; better insulation, relative to that expected due to 
component mass, only occurs above the resonant frequency, 
however, which consequently should be below 100 Hz. (This is 
comparable to the resonant frequency of the oscillation of a 
swinging door which is already swinging due to light impacts. It is 
simple to slow the motion of the door by braking; to make it move 
more quickly is more difficult and requires force.) The intermediate 
space in double-shell construction is filled with sound-absorbing 
material, to avoid reflection of the sound backwards and forwards. 
The sound propagates in the air as a longitudinal wave -> ®, but as 
a transverse wave in solid materials. The speed of propagation of 
longitudinal waves is 340m/sec but, within materials, this depends 
on the type of material, layer thickness and frequency. The 
frequency at which the velocity of propagation of a transverse wave 
in a structural component is 340m/sec, is called the boundary 
frequency. At this frequency, the transfer of sound from the air into 
the component and vice versa, is very good; therefore, the sound 
insulation of the component is particularly poor, poorer than would 
be expected from the weight of the wall. For heavy, quite inflexible 
building components, the boundary frequency is close to the 
frequency range of interest and therefore exhibits reduced sound 
insulation properties; for thin, flexible components, the boundary 
frequency is below this frequency range > ©. 


19.1 



facing panel of plastered wood fibre 
board; light construction panels 15mm 
plaster; 115 mm pumice concrete 
masonry; 16mm expanded styrofoam; 
25 mm light wood woo! building panels - 
nailed, with large separation between 
nails; 20mm gypsum-sand-plaster 




Light sound-damping 
construction 


0) 



© 


Airborne sound insulation 
of the wall > (J) from 
measurements by Prof. 
Gasete: sound insulation 
without covering -7dB; 
with covering +2dB 



117 










SOUND INSULATION 



resistant to excitation 


n 




sound 
radiation 
main path 


secondary path 


© 


Airborne sound 


co dB 



© 


Standard curve for airborne 
sound 
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suspended 
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/ 
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(?) Secondary path via (J) Diagonal transmission 

bordering single layer v — 

component 


Thickness (cm) at given 
weight/unit surface area 


heavy concrete* (2200kg/m 3 ) ) 6 25 |l2 5 j [ 25 


solid brick*, limy sandstone* (1800kg/m 3 ) j 5 25 111 5 j | 24 

hollow clay blocks* (1400kg/m 3 ) ] 5.25 Jll.5 1 [24 |36.5 


"walls plastered on both 
sides (overall dimension) 


lightweight concrete* (800kg/m 3 > 1 6 25 | i 2 5 | i 25 [37 Sj 

brick (1900kg/m 3 ) |5.25 [lL5 [ 


HE 


[0.3 f Q.f> j 1 1 hi ill M 5 i 2 j glass (2600 kg/m 3 ) 

|b 31—0 S -[' niTTmTsTTYg < 2 ° 0 Xg/m 3 1 asbestos cement 
gypsum (1000 kg/m 3 > 11 j 1,5 j 2 | 3 [<4 | 5 [" [" j I |~10 115 j 20j2Sf 


0~3j |0 ^ j | I jl| 1 j [ 1 5 1 2 j -3 \ | plywood (600kg/m 3 ) 



2 3 4 5 7 10 20 30 40 50 70 100 200 300 400 500 


mass per unit area of the component (kg/m 2 ) 
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Airborne sound insulation, weight/unit surface area and 
component thickness (Gasele) 


1 

simple door with threshold, without special sealing 

up to 

20db 

2 

heavy door with threshold and good sealing 

up to 

30 db 

3 

double doors with threshold, without special sealing, 
opening individually 

up to 

30db 

4 

heavy double doors, with threshold and sealing 

up to 

40db 

5 

simple window, without additional sealing 

up to 

15db 

6 

simple window, with good sealing 

up to 

25db 

7 

double window, without special sealing 

up to 

25db 

8 

double window, with good sealing 

up to 

30 db 


With airborne sound, the aerial sound wave excites the component 
» (T); hence, the effect of the boundary frequency on the sound 
insulation increases + (5). 

The standard curve shows how large the sound level difference 
must be at the individual frequencies, as a minimum, so as to 
achieve a level of sound insulation of ±0dB. Prescribed values » (2); 
required wall thicknesses > (7). 

However, the effect of sound transmitted by 'secondary paths' 
(e.g. sound from foot steps) can be more disruptive than that from 
impact, so these must be taken into account in the sound insulation 
calculations. (For this reason, test results should always be drawn 
up for sound insulating walls with due consideration of the usual 
secondary paths.) Components which are stiff in bending, with 
weights per unit surface area of 10-160kg/m 2 , are particularly likely 
to provide secondary paths. Therefore, living room dividing walls - 
which are contacted by such components in the form of lateral walls 
- should have a weight of at least 400kg/m 2 . (Where the contacting 
walls have a surface weight of over 250kg/m 2 , this value can be 
350 kg/m 2 .) 

Doors and windows, with their low sound insulation properties 

(6), have a particularly adverse effect on insulation against 
airborne sound; the small proportion of the surface occupied by the 
openings is usually subject to a sound insulation value which is less 
than the arithmetic mean of the sound damping of wall and opening. 
Therefore, the sound insulation of the door or window should 
always be improved where possible. Walls which have insufficient 
sound insulation can be improved through the addition of a non- 
rigid facing panel ® p. 117. Double walls can be particularly well 
soundproofed if they contain soft, springy insulating material and 
are relatively flexible (6) p. 117, or if the two wall panels are 
completely separately supported. Flexible panels are relatively 
insensitive to small sound bridges (by contrast to rigid panels). Type 
testing methods of construction should always be employed on 
sound insulating double walls. Covering layers of plaster on 
insulation materials of standard hardness (e.g. on standard 
styrofoam) considerably reduces the sound insulation. 


item 

description 

gross density 

wall weight 

wail weight 



(kg/dm 3 ) 

>400 kg/m 2 

>350 kg/m 2 






<400 kg/m 2 




mm 

kp/m 2 

mm 

kp/rn 2 


masonry work in solid, perforated and hollow blocks, 



plastered on both sides to a thickness of 15mm 



1 


1 

365 

450 

300 

380 

2 

perforated brick, solid brick 

1.2 

300 

445 

240 

360 

3 


1.4 

240 

405 

- 

- 

4 

solid engineering brick 

1.8 

240 

485 

- 


5 


1.9 

240 

505 


- 

6 



- 

- 

300 

380 

7 

hollow sand lime bricks 

1.2 

300 

440 

240 

360 

8 


1.2 

300 

445 

240 

360 

9 

sand lime perforated bricks 

1.4 

240 

405 

- 


10 


1.6 

240 

440 

- 

- 

11 


1.6 

240 

440 


- 

12 

solid sand lime bricks 

1.8 

240 

485 

- 

- 

13 


2 

240 

530 

- 


14 

foundry stone 

1.8 

240 

485 

- 

- 

15 

hard foundry stone 

1.9 

240 

505 



16 

2- or reversed laid, 

1 

300 

420 

- 


17 

3-chambered with cavities 

1.2 

300 

460 

- 

- 

18 

hollow filled with 

1.4 

240 

41C 

- 


19 

concrete sand 

1.6 

240 

440 

- 

- 

20 

blocks 

1 

365 

400 



21 

without 

1.2 

- 

- 

- 


22 

sand filling 

1.4 


- 

300 

355 

23 


1.6 

300 

430 

240 

380 

24 


0.8 

365 

405 

- 


25 

lightweight concrete 

1 

365 

450 

300 

380 

26 

solid blocks 

1.2 

300 

445 

240 

360 

27 


1.4 

240 

405 



28 


1.6 

240 

440 



29 

aerated/foamed concrete 

0.6 



490 

390 

30 

blocks 

0.8 

490 

485 

365 

380 


lightweight concrete and concrete in 

unjointed walls 



and storey-depth panels, 15 mm plaster on both sides 


31 

aerated/foamed concrete blocks 

0.6 


- 

500 

350 

32 


0.8 

437.5 

400 

375 

350 

33 

pumice/bituminous coal slag, 

0.8 

437.5 

400 

375 

350 

34 

concrete with brick debris, 

1 

375 

425 

312.5 

360 

35 

or similar 

1.2 

312.5 

425 

250 


36 


1.4 

250 

400 

- 

350 

37 


1.6 

250 

450 

187.5 

350 

38 


1.7 

250 

475 

187.5 

370 

39 

concrete with porous debris. 

1.5 

250 

425 

- 

- 

40 

with non-porous additions, 

1.7 

250 

475 

187.5 

370 

41 

e g. gravel 

1.9 

187.5 

405 

- 

- 

42 

gravel or broken concrete 
with closed structure 

2.2 

187.5 

460 

150 

380 
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Sound insulation of doors and windows 


© 


Minimum thicknesses of single-layer wails for airborne sound 
insulation > OdB 









































SOUND INSULATION 
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Double skin dividing wall 
with continuous cavity 



( 5 ) Plan view —> © 



® 


Sound conduction through 
solid structure 


j— insulation 

floor screed 
floor finish 



■ structural floor 

Plaster applied down to floor 
level before floor screed; 
prescribed for porous walls 


durable elastic filling 


-floating floor tiling 

-screed (to falls) 



- structural floor 
*— insulation 


(7^) Floating tiled floor (baths) 



© 


Soft, pliable suspended 
ceiling 



frequency (H 2 ) 

Standard curve for impact 
sound 





— wall tiles 
— plaster, reinforced 
1 — insulation 

floor screed 
f— protective screed 
- floor tiles 
or panels 

um 


structural floor 


'g' N \ Floor construction with 
^ ceiling for bathrooms with 
shower 



^q\ Possible solution for 
v -' y impact sound insulation on 
a timber joist ceiling 


House dividing wails 

House dividing walls constructed from wail leafs with leaf 
weights per unit surface area < 350kg/m 2 must be separated 
by a cavity over the entire depth of the house; their mass 
should be >150 kg/m 2 (200 kg/m 2 in multi-storey residences). 
If the dividing wall commences at the foundations, no 
additional precautions are necessary; if it commences at the 
ground level (as for dividing walls between separate 
residential accommodation), the floor above the cellar must 
have a suspended floor or a soft springy covering. The 
cavity should be provided with filling material (foam panels, 
etc.) preferably with staggered joints; small jointing areas 
can reduce the sound insulation, because the structure is 
resistant to bending. 

Composite walls 

In this case (including any walls with areas of different 
sound insulation properties, e.g. with a door), the total 
insulation value D g is obtained after deducting the insulation 
reduction R from the overall insulation value (fj). 



calculation procedure: 

1 establish the difference of the individual insulation values D. = D, - D ? 

(where D, > D 2 ) 

2 determine aspect ratio of the insulating wall components 

3 reduction in insulation R is given by the point of intersection of aspect ratio with 
the vertical ordinate Dj, 


Impact sound insulation 

In the case of impact sound (e.g. noise due to footsteps), the 
ceiling is directly excited into vibration -> ( 3 ). The standard 
curve @ gives a standardised impact sound level, i.e., the 
maximum that should be heard in the room below when a 
standard 'tramper' is in action above. To allow for ageing, 
the values achieved immediately after construction must be 
3dB better than the values shown. 

The usual form of impact sound insulation is provided by 
'floating' screed, i.e. a jointless, soft, springy insulating 
layer, covered with a protective layer and, then, a screed of 
cement concrete, anhydrous gypsum or poured asphalt. 
This simultaneously provides protection against airborne 
sound and is therefore suitable for ail types of floors (floor 
groups 1 and II). The edge should be free to move, and 
mastic joint filler with enduring elasticity should always be 
used, particularly with tiled floors > ( 7 ), since the screed is 
thin and stiff, and is therefore extremely sensitive to sound 
bridges. With floors whose airborne sound insulation is 
already adequate (floor group II), impact insulation can also 
be provided by using a soft, springy floor finish (§). Floors 
in floor group I can be upgraded to group II by the provision 
of a soft, springy suspended floor ( 9 ). The degree to which 
this floor finish improves the impact sound insulation is 
judged from the improvement in dB attenuation. 

































































































SOUND INSULATION 



COED 
Cl. I 

cm mu 


□cm 

r~~--4 

□cm 


□cm 
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Sound insulation of 
pipework 



A = sound insulating material, e.g. rubber 
B = air space - if necessary, filled with 
sound insulating material 

(IT) Metal/rubber element 



2 0.4 0 8 1.6 3.2 6.412.5 25 50 


construction: 
concrete B25 12cm 
bitumen felt 500g/m 2 
cork sheet 5cm 
bitumen felt 500g/m 2 
concrete B25 12 cm 

t-12-t-90- 
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Sound insulated boiler 
foundation 90 cm wide 



L sound absorbing material 


© 


Duct packed with sound 
absorbing material 
(transmitted sound damper) 



distance from source of sound 
(m) 


equivalent sound absorbing surface 
(m 2 ) 


© 


The level of reflected 
sound can be reduced by 
sound absorption 
measures; the sound radius 
increases but, at the same 
time, the noise level 
reduces outside the 
previous sound radius 


© 


Sound radius and sound 
absorbing capability of a 
room 



read off the shielding ordinate as a Q = sound source 

function of angle « • (8), and height B = hearer 

(m)/sound wavelength 

example: « = 30°, h = 2.50m: at 500Hz 

(med. freq. range) 340/500 = 0.68; 

wavelength is h/X. = 2.5/0.68 = 3.68, 

hence shielding effect = 17dB 


© 


Sound proofing due to 
outside barriers 


© 


Diagram —» (7) 


Noise from services 

Noise from services can occur as plumbing fixture noise, pipework 
noise and/or filling/emptying noises: 

• For plumbing fixture noise, the remedy is provided by sound- 
insulated valves with inspection symbols (test group I with at 
most 20dB(A) overall noise level, test group II with at most 
30dB(A) only permissible for internal house walls and 
adjoining service rooms). All installations are improved, 
among other measures, by sound dampers. 

• For pipework noise due to the formation of vortices in the 
pipework, the remedy is to use radiused fittings instead of 
sharp angles, adequate dimensioning, and sound damping 
suspensions 0. 

• For filling noise caused by water on the walls of baths, etc. 
the remedy is to muffle the objects, fit aerator spouts on the 
taps, and to sit baths on sound damping feet (and use elastic 
joints around the edges). 

• For emptying noise (gurgling noises), the remedy is correct 
dimensioning and ventilation of drain pipes. 

The maximum permissible sound level due to services in adjoining 
accommodation is 35dB(A). Sound generating components of 
domestic services and machinery (e.g. water pipes, drain pipes, gas 
supply pipes, waste discharge pipes, lifts) must not be installed in 
rooms intended for quiet everyday activities (e.g. living rooms, 
bedrooms). 

Sound insulation for boilers can be effected by sound-damped 
installation (isolated foundation -> @, sound-absorbing sub¬ 
construction), sound-damping hood for the burner, connection to 
chimney with sound-damping entry, and connection to hot pipework 
by means of rubber compensators. 

In ventilation ducts of air conditioning systems, noise from 
sound transmission is reduced by means of so-called telephonic 
sound dampers; these comprise sound-absorbing packings, 
between which the air flows. The thicker the packing, the lower the 
frequencies which are covered. The ventilation ducts themselves 
should also be sound insulated. 

Sound absorption 

In contrast to sound insulation, sound absorption does not usually 
reduce the passage of sound through a component. It has no effect 
on the sound which reaches the ear directly from the source; it 
merely reduces the reflected sound. 

Although the direct sound diminishes with distance from the 
source, the reflected sound is just as loud, or louder than the direct 
sound, at a distance greater than the 'sound' radius about the sound 
source -» (§). If the reflection of sound is reduced, then the level of 
the reflected sound is reduced outside the original 'sound' radius, 
while the sound radius itself increases. Nothing changes within the 
original sound radius. 

The sound absorption capability of a room is expressed in m 2 
equivalent sound absorption, i.e. the ideal sound absorbing surface 
that has the same absorption capability as the room itself. For a 
reverberation time of 1.5 sec. - ideal for private swimming baths, 
etc. - the equivalent sound absorption surface A must be 0.1 m 2 for 
every m 3 of room volume v (the sound radius would then be only 
1.1m in a room 6 x 10 x 2.5m) and twice as large to achieve half the 
reverberation time. 

Example: Swimming bath 

40 m 2 water x 0.05 = 2.00 m 2 

100 m 2 walls and floor x 0.03 = 3.00 m 2 

60 m 2 acoustic ceiling x 0.4 = 24.00m 2 

29.00 m 2 
29 

A = = 0.2 V; reverberation time is thus 0.75 seconds. 

1 bu 

Protection against external noise 

Precautions can be taken against external noise (traffic, etc.): 

• Appropriate planning of the building, e.g. living/recreation 
rooms away from sources of noise 

• Sound insulation of outer walls, particularly window and 
outer door insulation; fixed glazed installations with 
ventilation systems 

• Installation of sound insulation shields in facades 

• Sound protection through landscaping, e.g. embankments, 
walls or planted areas 

In the case of embankments, walls and other screens, the sizing of 
the protective device can be obtained -> (7) for the various 
wavelengths (wavelength is approx. 340 m/frequency). It can be seen 
how important dimension h is, as given by angle a. 


120 

























































VIBRATION DAMPING 
Sound Conduction Through Structures 
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Light wall - high excitation 
Heavy wall - less excitation 
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Causes of structure-borne 
sound 
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Separate lift shaft with 
>30 mm mineral fibre lining 


compensators 
with 
longitudina 
limits 


pipeline fixing 
point 
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/^\ Top of shaft with Neoprene 
V '—' y bearing layer 

after assembly 






5 ^ Equipment installation with 
elastic insert in foundation 





(7) Alignment of spring with (g) Effect of elastic bearing 

^ centre of gravity — 7 
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Double elastic suspension 
for ventilator 



Vibrations in solid bodies, 'structure-borne sounds', are 
created either by sound in air, or directly, by mechanical 
excitation -* © + ©. 

Since the alternating mechanical forces are usually 
higher than any produced by fluctuating air pressure, the 
audible radiation is usually greater in the case of direct 
excitation. Frequently, resonance phenomena occur, which 
lead to higher audible radiation in narrow frequency ranges. 

If the radiated sound remains monotonic, the cause is 
usually the result of direct excitation of the structure. Anti 
'structure-borne sound 1 measures must therefore seek to 
reduce this direct excitation and its further propagation. 

Precautions to combat structure-borne sound transmission 

In the case of water installations, only valves carrying 
inspection symbols in accordance with group I or II should 
be used. The water pressure should be as low as possible. 

The water velocity plays a subordinate role. 

Pipework should be attached to walls in accordance with 
good practice, with surface loading m" > 250kg/m 2 . 

Baths and tanks should be installed on floating screed 
and separated from walls. Wailed enclosures should be 
flexibly jointed to the primary walls. Wall-suspended WC 
fittings cause direct excitation of the structure; however, 
rigid fixing is unavoidable, so if necessary, elastic layers 
should be introduced. 

Water and drainage pipes must be fixed using elastic 
materials and should not be in direct contact with the 
structural wall. 

Lifts should be installed in separate shafts (3) and joints 
filled with at least 30mm mineral fibre, or the top of the 
shaft provided with Neoprene bearing strips -> 

Pumps and equipment must be installed on structure- 
borne sound insulated foundations and elastically 
connected. 

Compensators are subject to tensile stresses, since the 
internal pressure also acts on the longitudinal axis of the 
assembly -» (§). 

Rubber granulate panels are particularly suitable as 
insulating material for foundations, due to their high 
compressive strength. If required, impact sound insulating 
materials of mineral fibre and plastic foam can be built in. 
Cork and solid rubber are unsuitable, since these materials 
are too stiff. The more the insulating materials are 
compressed together under load, without being 
overloaded, the better is the insulating effect. 

With flat insulating materials, the loading must usually 
be greater than 0.5N/mm 2 . If this cannot be guaranteed, 
then individual elements are required, effectively to add to 
the weight of the equipment. 

The insulating effect is also greatest here if the elements 
are loaded to a maximum, without becoming overloaded. 
The individual elements can be of Neoprene or steel * ®, 

Steel springs provide the best structural sound 
insulation, due to their low stiffness. In special cases, air 
springs can be used. In the case of individual springs, 
attention must be paid to the centre of gravity, to ensure the 
elements are uniformly loaded -> (7). 

In the case of periodic excitation (e.g. due to oscillating 
or rotating masses), the frequency of excitation must not 
coincide with the natural frequency of the elastically 
suspended system. Large motions result from the 
reverberation which, in the case of elements with low 
damping, can lead to structural failure * (§). Particularly 
high insulating properties may be obtained by using 
doubled elastic suspensions »(9). Unfavourable interaction 
between foundations on floating layers can lead to a 
reduction in insulation. 
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ROOM ACOUSTICS 




room 

function 

reverberation 
time (s) 


speech 

cabaret 

0.8 


drama 

1.0 


lecture 


music 

chamber 

music 

1.0... 1.5 


opera 

1.3. ..1.6 


concert 

1.7...2.1 


organ music 

2.5...3.0 


(5) Echo criterion (?) Reverberation time*: 

V '~ y optimum range 




purpose 

characteristic 
volume 
(m 3 per seat) 

max. 

volume 

<m 3 ) 

spoken 

theatrical 

work 

3...5 

5000 

multipurpose: 
speech and 
music 

4...7 

8000 

musical 

theatre 

(opera, operetta) 

5...8 

15000 

chamber music 
concert hall 

6...10 

10000 

symphony music 
concert hall 

8...12 

25000 

rooms for 
oratorios and 
organ music 

10...14 

30000 
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Speech intelligibility 


© 


Table of specific volumes 



early, favourable reflections 


© 


Reflection sequence in the room 


Room acoustic planning should ensure that optimum 
audible conditions are created for listeners in rooms where 
speech and music are to be carried out. Various factors 
should be considered, of which the two most important are 
reverberation time, and reflections (as a consequence of the 
primary and secondary structure of the room). 

(1) Reverberation time 

This is the time taken for the decay of a noise level of 
60dB after the sound source has been switched off ♦ (T). 
Evaluation is carried out over the range -5 to -35dB. 

(2) Absorption surface 

The absorption surface is determined by the amount of 
absorbing material, expressed as an area having 
complete absorption (open window): 

A = cx s x S 

where a s is the degree of sound absorption from echo 
chamber measurements, and S is the area of surface 
portion. 

The reverberation time is calculated from the absorption 
surface from: 

t = 0.163 x V v a s x S (after Sabine) 

(3) Echoes 

When individual, subjectively recognisable peaks are 
superimposed on a smoothly falling reverberation time 
curve ©, these are described as echoes (2). Various 
values of time and intensity apply as the echo criterion 
for speech and music. Rooms devoted to music should 
have a longer reverberation time, but are usually 
regarded as less critical from the point of view of echoes. 

Requirements for rooms 

(1) Reverberation time 

The optimum value for reverberation time is dependent 
on the particular use and room volume > (3). In general, 
reverberation time is frequency-dependent (longer at 
low frequencies, shorter at high frequencies.) For f - 
500Hz, surveys have shown that approximations may 
provide optimum values (4). 

(2) Speech intelligibility 

This is used to judge the degree of audibility of the 
spoken word -4 (5). It is not standardised, so various 
terms - sentence intelligibility, syllable intelligibility, 
evaluation with logatomes - are usual. In determining 
the intelligibility of speech, a number of collectively 
heard individual syllables of no significance (logatomes 
such as tin and ter) are noted; the correctness is used to 
make an assessment - a score of more than 70% implies 
excellent speech intelligibility. Newer, objective, 
methods make use of modulated noise signals (RASTi 
method) and lead to reproducible results at low expense. 

(3) Impression of space 

This is determined by the reception of reflections with 
respect to time and direction. For music, diffuse 
reflections are favourable for sound volume, while early 
reflections with delays of up to 80ms (corresponding to 
27m path difference) with respect to the direct sound 
promote clarity (§). Speech requires shorter delays (up 
to 50ms) so as not to degrade the intelligibility. 


122 

















ROOM ACOUSTICS 





( 3 ) one plane for music. (J) Less favourable platform 

V — y inclined downward towards ^ 

the back for speech 
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Berlin Philharmonic - staggering the auditorium 
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Podium with small chamber music hall - Beethoven Archive, Bonn 
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emergency exit 

Podium with small chamber music hall - Beethoven Archive, Bonn 


For the music listener, early sideways reflections are better 
than ceiling reflections, even at very low delay times 
(asymmetry of the acoustic impression), since each ear 
receives a different signal. Narrow, high rooms with 
geometrically reflecting walls with multiple angles and 
diffusely reflecting ceilings are the simplest from the point 
of view of room acoustics. 

Primary structure of rooms 

Volume is application dependent -» (6) p. 122: 4m 3 /person 
for speech, 18m 3 /person for concerts; too small a volume 
results in insufficient reverberation time. Narrow, high 
rooms with walls with multiple angles (early sideways 
reflections) are particularly suitable for music. For early 
initial reflections and balance of the orchestra, reflection 
surfaces are needed in the vicinity of the podium. The rear 
wall of the room should not cause any reflections in the 
direction of the podium, since these can have the effect of 
echoes. Parallel, planar surfaces should be avoided, to 
prevent directionally oscillating echoes due to multiple 
reflections -> 0. Providing projections in the walls, at angles 
greater than 5°, avoids parallel surfaces and allows diffuse 
reflection to occur. The ceiling serves to conduct the sound 
into the back part of the room and must be shaped 
accordingly -> (3). If the ceiling shape is unfavourable, large 
differences in sound intensity occur due to sound 
concentrations. Rooms where the walls are further apart at 
the back than at the front of the room produce unfavourable 
effects, since the reflections from the sides can be too weak 
-> this disadvantage can be compensated by the using 
additional reflection surfaces (Weinberg steps) - as in the 
Berlin and Cologne Philharmonics -> © - or the walls may 
be provided with pronounced folding to guide the sound. 

Wherever possible, the podium should be on the narrow 
side of the room; in the case of the spoken word or in small 
rooms (chamber music), it may even be arranged on a long 
wall (Beethoven Archive -> (§)). Multipurpose rooms with 
variably arranged podia and plain parquet floors are 
frequently problematic for music. The podium must be 
raised in relation to the parquet, so as to support the direct 
propagation of the sound; otherwise, the level of the sound 
propagation would fall too quickly (9). Providing an 
upward inclination of the seating levels, to obtain a uniform 
level of direct sound at all seats gives better visibility and 
acoustics 0; the slope of the seating levels should follow 
a logarithmic curve. 

Secondary structure 

Reflection surfaces can compensate for an unfavourable 
primary structure: projections on the surface of walls which 
diverge, ceiling shapes produced by hanging sails or the 
use of individual elements -> p. 124. 
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In one plane for music; 
inclined downward towards 


the back for speech 
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Berlin Philharmonic - staggering the auditorium 
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Podium with small chamber music hall - Beethoven Archive, Bonn 



For the music listener, early sideways reflections are better 
than ceiling reflections, even at very low delay times 
(asymmetry of the acoustic impression), since each ear 
receives a different signal. Narrow, high rooms with 
geometrically reflecting walls with multiple angles and 
diffusely reflecting ceilings are the simplest from the point 
of view of room acoustics. 

Primary structure of rooms 

Volume is application dependent * (eb p. 122: 4m 3 /person 
for speech, 18m 3 /person for concerts; too small a volume 
results in insufficient reverberation time. Narrow, high 
rooms with walls with multiple angles (early sideways 
reflections) are particularly suitable for music. For early 
initial reflections and balance of the orchestra, reflection 
surfaces are needed in the vicinity of the podium. The rear 
wall of the room should not cause any reflections in the 
direction of the podium, since these can have the effect of 
echoes. Parallel, planar surfaces should be avoided, to 
prevent directionally oscillating echoes due to multiple 
reflections * ®. Providing projections in the walls, at angles 
greater than 5°, avoids parallel surfaces and allows diffuse 
reflection to occur. The ceiling serves to conduct the sound 
into the back part of the room and must be shaped 
accordingly -* (3). If the ceiling shape is unfavourable, large 
differences in sound intensity occur due to sound 
concentrations. Rooms where the walls are further apart at 
the back than at the front of the room produce unfavourable 
effects, since the reflections from the sides can be too weak 
■» 0; this disadvantage can be compensated by the using 
additional reflection surfaces (Weinberg steps) - as in the 
Berlin and Cologne Philharmonics * (§) - or the walls may 
be provided with pronounced folding to guide the sound. 

Wherever possible, the podium should be on the narrow 
side of the room; in the case of the spoken word or in small 
rooms (chamber music), it may even be arranged on a long 
wall (Beethoven Archive -* (§)). Multipurpose rooms with 
variably arranged podia and plain parquet floors are 
frequently problematic for music. The podium must be 
raised in relation to the parquet, so as to support the direct 
propagation of the sound; otherwise, the level of the sound 
propagation would fall too quickly » (9). Providing an 
upward inclination of the seating levels, to obtain a uniform 
level of direct sound at all seats gives better visibility and 
acoustics ♦ the slope of the seating levels should follow 
a logarithmic curve. 

Secondary structure 

Reflection surfaces can compensate for an unfavourable 
primary structure: projections on the surface of walls which 
diverge, ceiling shapes produced by hanging sails or the 
use of individual elements > p. 124. 
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Building regulations require that due consideration must be 
given in buildings to: 

- the flammability of building materials 

- the duration of fire resistance of the components 
expressed in terms of fire resistance classifications 

- the integrity of the sealing of openings 

- the arrangement of escape routes. 

The aim is to prevent the start and spread of a fire, stem the 
spread of smoke and facilitate the escape or rescue of 
persons and animals. In addition consideration must be 
given to effective extinguishing of a fire. Active and passive 
precautions must be taken to satisfy these requirements. 
Active precautions are those systems that are automatically 
deployed in the event of fire; passive precautions are the 
construction solutions in the building and its components. 

Active precautions include smoke and fire alarm systems, 
sprinkler systems, water spray extinguisher plant, C0 2 
extinguishing installations, powder and foam extinguisher 
plant, and automatic smoke and heat venting systems. 
Passive precautions relate mainly to minimum structural 
sections, casings and coatings. In addition to these, other 
important measures are the layout of rising mains, 
installation of fire doors and fire windows, construction of 
supporting floors, water cooling of hollow steel profiles and 
the dimensioning of casings and coatings for steel profiles. 

Fire detectors 

A fire detector is a part of the fire alarm system and can 
trigger a transmitting device that raises the alarm in a 
remote control centre. There are automatic and non¬ 
automatic fire detectors. The latter are those which can be 
activated manually. Automatic fire detectors are parts of the 
overall fire alarm system that sense changes in specific 
physical and/or chemical parameters (either continuously 
or sequentially in set time intervals) to detect a fire within 
the monitored area. They must be: 

- installed in sufficient numbers and be suited to the 
general arrangement of the area to be monitored 

- selected according to the fire risk 

- mounted in such a way that whatever parameter change 
triggers the alarm can be easily sensed by the detector. 

Typical applications for different types of fire detectors 

( 1 ) Smoke detectors 

These are used in rooms containing materials that would 
give off large volumes of smoke in the event of a fire. 

- Optical smoke detectors: triggered by visible smoke. 

- Ionisation smoke detectors: triggered by small 
amounts of smoke which have not been detected by 
optical means. These detectors provide earlier 
warning than optical smoke detectors and are 
suitable for houses, offices, storage and sales rooms. 

(2) Flame detectors 

These are activated by radiation emanating from flames 
and are used in rooms containing materials that burn 
without smoke, or produce very little. 

(3) Heat detectors 

These are useful for rooms in which smoke that could 
wrongly set off other early warning systems is generated 
under normal working conditions (e.g. in workshops where 
welding work is carried out). 

- Maximum detectors: triggered when a maximum 
temperature is exceeded (e.g. 70°C). 

- Differential detectors: triggered by a specified rise in 
temperature within a fixed period of time (e.g. a rise 
of 5°C in 1 minute). 

The planning and installation of fire detection systems must 
be designed to suit the area to be monitored, room height 
and the type of ceiling and roofing. 


FIRE DETECTION 

Typical extracts from building regulations and 
guidelines produced by fire and insurance specialists 

Fire development If the initial phase of a fire is likely to be 
of a type characterised by smouldering (i.e. considerable 
smoke generation, very little heat and little or no flame 
propagation), then smoke detectors should be used. If 
rapid development of fire is anticipated in the initial phase 
(severe heat generation, strong flame propagation and 
smoke development), then smoke, heat and flame 
detectors can be used, or combinations of the various 
types. 

Fire detection areas The total area to be monitored must be 
divided into detection areas. The establishment of these 
detection areas should be carried out in such a way that 
rapid and decisive pinpointing of the source of the fire is 
possible. A detection area must only extend over one floor 
level (the exceptions to this being stairwells, ventilation and 
elevator shafts and tower type structures, which must have 
their own detection areas). A detection area must not 
overlap into another fire compartment and typically should 
not be larger than 1600m 2 . 

Fire detection systems for data processing facilities The 
monitoring of electronic data processing facilities places 
special additional requirements on the planning and 
execution of fire alarm systems. 

Factors influencing detector positions and numbers 

(1) Room height 

The greater the distance between the fire source and the 
ceiling, the greater the zone of evenly distributed smoke 
concentration will be. The ceiling height effects the 
suitability of the various types of smoke and fire detectors. 
Generally, higher ceiling sections whose area is less than 
10% of the total ceiling area are not considered, so long as 
these sections of ceiling are not greater in area than the 
maximum monitoring area of a detector. 

(2) Monitoring areas and distribution of the detectors 

The number of fire detectors should be selected such that 
the recommended maximum monitoring areas for each 
detector are not exceeded. Some standards specify the 
maximum distance between detectors and the maximum 
distance allowed between any point on the ceiling and the 
nearest detector. Within certain limits there may be a 
departure from the ideal square grid pattern of the 
detectors. 

(3) Arrangement of detectors on ceilings with downstanding 
beams 

Depending on the room size, beams above a specified 
depth must be taken into account in the arrangement of the 
fire detectors. Typically, if the area of ceiling between the 
downstanding beams is equal to or greater than 0.6 of the 
permissible monitoring area of the detector, then each of 
these soffit areas must be fitted with detectors. If the 
portions of soffit area are larger than the permissible 
monitoring area, then the individual portions of soffit must 
be considered as individual rooms. If the depth of the 
downstanding beam is greater than 800mm, then a fire 
detector must be provided for each soffit area. 

(4) For spaces with multi-bay type roofs 

Generally in this case, each bay must be provided with a 
row of detectors. Heat detectors are always to be fitted 
directly to the ceiling. In the case of smoke detectors, the 
distances required between the detector and the ceiling, or 
the roof, depend on the structure of the ceiling or roof and 
on the height of the rooms to be monitored. In the case of 
flame detectors, the distances should be determined for 
each individual case. 
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FIRE SPREAD 



Internal fire spread (surface) 

The linings of walls and ceilings can be an important factor 
in the spread of a fire and its gaining hold. This can be 
particularly dangerous in circulation areas, where it might 
prevent people escaping. Two factors relating to the 
property of materials need to be taken into account: the 
resistance to flame spread over the surface and the rate of 
heat release once ignited. Various testing methods are used 
to establish these qualities. In the UK, a numbered system 
categorises the levels of surface flame spread and 
combustibility: 0 , with the highest performance {non¬ 
combustible throughout), followed by classes 1 , 2 , 3 and 4 . 

There are a series of standards that must be complied 
with relating to allowable class of linings in various 
locations. For example, for small rooms in residential 
buildings (4m 2 ) and non-residential buildings (30m 2 ), class 
3 materials are acceptable; for other rooms and circulation 
spaces within dwellings, use class 1 materials; and for busy 
public circulation spaces, class 0 materials should be used. 
Rooflights and lighting diffusers that form an integral part 
of the ceiling should be considered a part of the linings. 
There are limitations on the use of class 3 plastic roof-lights 
and diffusers. 


Internal fire spread (structure) 

There are three factors to be considered under this heading: 

(1) Fire resistance and structural stability 

It is necessary to protect the structure of a building from the 
effects of fire in order to allow people to escape, to make it 
safe for firefighters to enter the building to rescue victims 
and tackle the fire, and also to protect nearby people and 
adjacent buildings from the effects of a collapse. The level 
of fire resistance required depends on a range of factors: an 
estimation of the potential fire severity (depending on the 
use and content of the building); the height of the building; 
type of building occupancy; the number of floors and the 
presence of basements. Fire resistance has three aspects: 
resistance to collapse, resistance to fire penetration and 
resistance to heat penetration. Building regulations provide 
tables that set out specific provisions and minimum 
requirements of these aspects for different structural 
elements in different classes of buildings. 

(2) Compartmentation within buildings 

It is often necessary to divide a large complicated building 
into separate fire-resisting compartments in order to 
prevent the rapid spread of fire throughout the building. 
The factors to be considered are the same as those for fire 
resistance. Regulations stipulate maximum sizes of 
compartments for different building types. In general, floors 
in multistorey buildings form a compartment division, as do 
walls that divide different parts of multi-use buildings. The 
use of sprinklers can allow an increase in the compartment 
size in non-residential buildings. 

Careful attention should be paid to construction details 
of compartment walls and floors, particularly the junction 
details between walls, floors and roofs, such that the 
integrity of fire resistance is maintained. Strict rules apply 
to openings permitted in compartment walls and floors, 
these being restricted to automatic self-closing doors with 
the appropriate fire resistance, shafts and chutes with the 
requisite non-combustible properties and openings for 
pipes and services, carefully sealed to prevent fire spread. 

There is a wide range of constructions, each of which 
offers a specific duration of resistance. For example, a floor 
of 21 mm of tongue and groove timber boards (or sheets) 
on 37 mm wide joists with a ceiling of 12.5mm plasterboard 
with joints taped and filled, will provide 30 minutes of fire 
resistance. For 60 minutes' resistance the joists need to be 
50mm wide and the ceiling plasterboard 30mm with joints 


staggered. This period is also achieved with a 95mm thick 
reinforced concrete floor, as long as the lowest 
reinforcement has at least 20 mm cover. 

An internal load-bearing wall fire resistance of 30 
minutes can be achieved by a timber stud wall with 44 mm 
wide studs at 600mm centres, boarded both sides with 
12.5mm plasterboard with joints taped and filled. The same 
will be achieved by a 100 mm reinforced concrete wall with 
24mm cover to the reinforcement. A resistance of 60 
minutes is achieved by doubling the thickness of 
plasterboard on the stud wall to 25mm, and increasing the 
thickness of the concrete wall to 120mm. A 90mm thick 
masonry wall will achieve the same 60 minutes resistance 
(only 75mm is required for non-loadbearing partitions). 

(3) Fire and smoke in concealed spaces 
With modern construction methods there can be many 
hidden voids and cavities within the walls, floors and roofs. 
These can provide a route along which fire can spread 
rapidly, sometimes even bypassing compartment walls and 
floors. This unseen spread of fire and smoke is a particularly 
dangerous hazard. Steps must therefore be taken to break 
down large or extensive cavities into smaller ones and to 
provide 'cavity barriers', fire-resistant barriers across 
cavities at compartment divisions. 

Regulations stipulate the maximum permitted dimensions 
for cavities depending on the location of the cavity and the 
class of exposed surface within it. Further stipulations dictate 
where cavity barriers must be installed (e.g. within roof 
spaces, above corridors and within wails). Generally the 
minimum standard of fire resistance of cavity barriers should 
be 30 minutes with regard to integrity and 15 minutes with 
regard to insulation. Fire stops must also be considered. 
These are seals that prevent fire spreading through cracks at 
junctions between materials that are required to act as a 
barrier to fire, and seals around perforations made for the 
passage of pipes, conduits, cables etc. 

External fire spread 

The spread of fire from one building to another is prevented 
by the fire resistant qualities of external walls and roofs. 
They must provide a barrier to fire and resist the surface 
spread of flame. The distance between buildings (or 
between the building and the boundary) is obviously an 
important factor, as is the likely severity of the fire, which is 
determined by the fire load of a building (i.e. the amount of 
combustible material contained within). Regulations 
therefore stipulate the required fire resistant qualities of 
external walls and the proportion and size of allowable 
unprotected areas (e.g. windows, doors, combustible 
cladding, etc.) depending on the type of building and the 
distance of the fagade from the boundary. 

For example, the fagade of a residential, office, assembly 
or recreation building at a distance of 1 m from the 
boundary is allowed only 8 % of unprotected area; at 5 m, 
40%; and at 12.5 m, 100%. In contrast, the fig ures for shops, 
commercial, industrial and storage buildings are: at 1 m, 
4%; at 5m, 20%; and at 12.5m 50%; and only at 25m, 100%. 
More complex calculations are required when the fagade is 
not parallel with the boundary, or is not flat. 

Generally, roofs do not need to be resistant to fire from 
inside the building, but should be resistant to fire from 
outside, and also resist surface flame spread. Again, the type 
of roof construction permitted depends on the type of 
building, its size and its distance from the boundary. 
Different roof coverings are rated as to their resistance to 
fire: on pitched roofs; slates, tiles, profiled metal sheet are in 
the highest category, bitumen strip slates in the lowest. 
Sheet metal flat roof coverings perform the best, whilst the 
performance of various bitumen felt roof coverings depend 
on the types of layers, underlayers and supporting structure. 
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Smoke and heat venting systems 

Smoke and heat venting systems comprise one or more of 
the following elements, together with the associated 
activation and control devices, power supplies and 
accessories: 

- smoke vents 

- heat vents 

- mechanical smoke extractors. 

Given that they have the task of removing smoke and heat 
in the event of fire, these systems contribute to: 

- preserving escape and access routes 

- facilitating the work of the firefighters 

- the prevention of flash-over, hence retarding or 
avoiding a full fire 

- the protection of equipment 

- the reduction of fire damage caused by burning gases 
and hot ash 

- reducing the risk of fire encroaching on structural 
elements. 

The main function of smoke venting is to create and 
maintain smoke-free zones in which people and animals 
can escape from a fire. These zones also ensure firefighters 
are unimpeded by smoke when tackling the fire and give 
the contents better protection from damage. In addition, 
smoke vents contribute to heat venting. 

The task of heat vents is to conduct away hot burning 
gases during the development of a fire. There are two main 
intentions: 

- to delay or retard the flash-over 

- to reduce the risk of the fire encroaching on structural 
elements. 

In the same way as smoke vents contribute to heat venting, 
heat vents contribute to smoke venting. 

The working principle of smoke and heat venting 
systems lies in the property of hot gases to rise. The 
effectiveness of the system depends on: 

- the aerodynamic efficiency of the air venting 

- the effect of wind 

- the size of the air vents 

- the activation of air vents 

- the location of the installation relative to the general 
arrangement and size of the building. 

Mechanical smoke extractors 

Mechanical smoke extractors perform the same task as 
smoke vents but use forced ventilation (e.g. fans) to achieve 
the extraction of smoke. These smoke extractors are 
particularly useful where smoke vents are neither 
appropriate nor feasible for technical reasons. 

Appropriately sized smoke vents or mechanical smoke 
extractors can, in principle, be used in the place of heat 
vents. 

In view of their function and how they work, mechanical 
smoke extractors should be provided: 

- for single storey buildings with very large areas and 
volumes 
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smoke extractors should be provided: 

- for single storey buildings with very large areas and 
volumes 

- for buildings with long escape routes which cannot 
be kept smoke-free for a sufficient period by other 
means 

- for buildings subject to particular regulations, in 
which special protection is necessary 

- for buildings housing particularly valuable articles or 
equipment, or materials that are susceptible to smoke 
damage and therefore require extra protection. 


SMOKE AND HEAT EXTRACTION 

SYSTEMS 

Arrangement and sizing of smoke and heat vents 

Smoke and heat vents should be arranged as uniformly as 
possible within the roof sections. Special attention should 
be given to ensuring that, in the event of fire, the smoke and 
heat vents do not increase the danger of the fire spreading 
from building to building, or jumping between fire 
compartments within the building. In this respect, the 
boundary wall should be considered as a fire wall, for which 
there are increased requirements. 

To conduct the smoke and combustion gases directly to 
the outside, it is more effective to have a large number of 
smoke and heat vents with small openings than to provide 
a smaller number with larger openings. Typically, the 
spacing between smoke and heat vents and the distance 
from the lower edge of the structure (eaves) should not be 
greater than 20m and not less than the minimum distance 
from the walls, which is 5m. The distance of smoke and 
heat vent openings from structures on the surface of the 
roof must be large enough to ensure that their operation is 
not impaired by wind effects. 

A possible increase in wind loading should be noted 
when smoke and heat vents are located at the perimeter of 
flat roofs. 

As a general guideline, in roofs having a slope of from 
12° to 30°, the smoke and heat vents should be arranged as 
high as possible and there must be a minimum of one 
smoke and heat vent per 400m 2 of plan surface area 
(projected roof area). For roof slopes >30°, the required 
efficiency of the smoke and heat venting should be 
considered on an individual project basis. In roof areas with 
a slope of <12°, one smoke and heat vent should serve not 
more than 200m 2 . Where, due to the building structure, 
there are further subdivisions of the roof, there must be a 
minimum of one smoke and heat vent per subdivision. 

Smoke and heat venting system efficiency 

To ensure the smoke and heat venting system operates at 
full aerodynamic efficiency, care must be taken to ensure 
that there is an adequate volume of air in the lower region 
of the building. The cross-sectional area of the intake vents 
should therefore be at least twice as large as the cross- 
sectional area of the smoke and heat vents in the roof. 




EXTINGUISHER SYSTEMS 



Sprinkler systems 

Wet sprinkler systems are systems in which the pipeline 
network behind the wet alarm valve station is permanently 
filled with water. When a sprinkler responds, water emerges 
from it immediately. 

In dry sprinkler systems, on the other hand, the pipeline 
network behind the dry sprinkler valve station is filled with 
compressed air, which prevents water from flowing into the 
sprinkler network. When the sprinkler system is triggered, 
the retaining air pressure is released and water flows to the 
sprinkler heads. Dry sprinkler systems are used where there 
is a risk of frost damage to the pipework. 

Normal sprinklers deliver a spherical water distribution 
towards the ceiling and the floor whereas the water from 
umbrella sprinklers falls in a parabolic pattern towards the 
floor. Both kinds can take the form of self-supporting or 
hanging devices. -> © + (3) 

Automatic fire extinguisher systems commonly employ 
fixed pipelines to which closed nozzles (sprinklers) are 
connected at regular intervals. When the system is activated, 
water is released only from those sprinklers where the 
sealing devices have reached the set response temperatures 
required to open them. These types of arrangements are 
also known as selectively operated extinguishing systems. 


dry standing sprinkler, wet 

system directly mounted system concealed pipework 



1/ X i 

/ area protected by the V 
umbrella sprinkler ^ 

f i ;\ 

> i \ 

nfiii„iiimMiiiiiiiiiiuiiinniiini l iii, 




V \[ 

1 area protected by the J 

j\ normal sprinkler 

' f i' 

, 1 , L 


)!■ 


© 


up to 4.6m 
6.5m 

Spray characteristics of an 
umbrella sprinkler 
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up to 3.75m 
4.45m 

Spray characteristics of a 
normal sprinkler 


Sprinkler distribution 

A choice can be made between a normal or staggered 
distribution of sprinklers but where a staggered distribution 
is proposed the sprinklers should be arranged in as uniform 
a way as possible. 


Spacing between sprinklers; distance from walls and 
ceilings 

The spacing between sprinklers must be at least 1.5m. The 
maximum spacing is determined as a function of the area 
the sprinkler is protecting, the distribution of the sprinklers 
and the fire hazard. This rule does not apply to sprinklers in 
stacking systems. 


The permissible spacing between sprinklers and flat 
ceilings/roofs varies according to the type of sprinkler and 
the flammability of the inside of the ceiling or roof. It also 
depends on the insulating layer of profiled cladding roofs. 
For trapezoidal section cladding roofs, the minimum 
spacing of the sprinkler from the ceiling is measured from 
the lowest point of the corrugation and the maximum 
spacing is measured from the mean point between the 
lowest and highest points of the corrugations. 

Spacing of sprinklers relative to supporting beams or 
other structural components 

if supporting beams, joists or other obstructions (e.g. air 
conditioning ducts) run below the ceiling, then the 
minimum spacings must be maintained between these 
components and the sprinklers. The exceptions here are 
side wall sprinklers, installation of which is only permitted 
for flat ceilings. 

Open nozzle systems 

Systems with open nozzles are water distribution systems 
with fixed pipelines, to which open nozzles are attached at 
regular intervals. When on standby, the pipe network is not 
filled with water. When the system is activated, the peak 
flow pressure passes immediately from the water supply 
into the network of pipes and nozzles. 

The water pressure is directed according to the size and 
shape of the room which is to be protected and the type 
and quantity of the contents. Depending on the height and 
type of storage facility, and any wind effects, the system 
must deliver between 5 and 60 litres per minute per square 
metre -> For room protection systems which are 
subdivided into groups, the area protected by a group 
should generally lie between 100m 2 (high fire risk) and 
400 m 2 (low fire risk). 

Water spray extinguisher systems are used, for 
example, in aircraft hangars, refuse bunkers and 
incinerator facilities, arenas, facilities for containers and 
combustible fluids, cable ducting, chipwood silos and 
factories, power stations, and factories making fireworks or 
munitions. 

Extinguisher water pipelines 

Extinguisher water pipelines are fixed pipes in structures. 
They make available the water supply for fire extinguisher 
hoses, which are connected by valve couplings that can be 
closed. There are two main types: (1) wet risers, which are 
extinguisher water pipelines that are continually under 
pressure, and (2) dry risers, which are pipelines to which 
extinguisher water is supplied by the fire service when it is 
required. Wet/dry risers are extinguisher water pipelines 
which, on the remote activation of valves, are supplied with 
mains water when required. (-» p. 130.) 

The following are typical nominal pipe bore sizes for 
extinguisher pipes and wall hydrants: 

- where there are two interconnected access points: 
50mm minimum 

- where there are three interconnected access points: 
65mm minimum 

- where there are four or more interconnected access 
points: 80mm minimum. 

With wet risers, wall hydrants can be accommodated in 
built-in recesses or in wall cavities. The lower edge of the 
wall hydrant should be between 800 and 1000mm above 
floor level. 

Dry risers have a nominal diameter of 80mm and have a 
drainage facility. The couplings of the supply valve should 
be 800mm above the surface level of the surroundings and 
the hose connector valve should be 1200mm above floor 
level. 
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EXTINGUISHER SYSTEMS 


protected area 

minimum 

extngshng 

group 



water flow 

time, min. 

area 

number 


1/fmin.m 2 ) 

(min) 

(m 2 > 


stages/arenas 





up to 350m 2 , height ^ 10m 

5 

10 

- 

1 

up to 350m 2 , height > 10m 

7 

10 

_ 

1 

over 350 m 2 , height s 10 m 

5 

10 

_ 

3 

over 350 m 2 , height > 10 m 

7 

10 

- 

3 

woodchip silos 

height of layer s3m 

7.5 

30 


1 

height of layer >3m ',5m 

10 

30 

- 

1 

height of layer >5m 

12.5 

30 

- 

1 

refuse bunkers 

height of layer s2m 

5 

30 



height of layer >2m <3m 

7.5 

30 

- 


height of layer >3m <5m 

12.5 

30 

100-400 

- 

height of layer > 5 m 

20 

30 


- 

foam stores 

storage height ^2m 

10 

30 

150 min. 


storage height >2m <3m 

15 

45 

150 min. 


storage height >3m ^4m 

22.5 

60 

200 min. 


storage height >4m <5m 

30 

60 

200 min. 



4 ) Protected area and water flow rates 


C0 2 FIRE EXTINGUISHER SYSTEMS 

Carbon dioxide works as an extinguishant by reducing the 
oxygen content in the air to a value at which the burning 
process can no longer be sustained. Being gaseous, it can 
flood the threatened area rapidly and uniformly to provide 
very effective protection. 

C0 2 is suitable for extinguishing systems in buildings 
containing the following substances and installations: 

- flammable fluids and other substances that react as 
flammable fluids when burning 

- flammable gases, provided that precautions are taken 
to ensure that following successful extinguishing, no 
combustible gas/air mixture forms 

- electrical and electronic equipment 

- flammable solids susceptible to water damage, such 
as paper and textiles, although fires involving these 
materials require high concentrations of C0 2 and 
prolonged exposure to put them out. 

Fixed C0 2 systems are frequently used in areas given over to: 

- machines that contain flammable fluids, or in which 
such fluids are used 

- paint manufacture, spray painting, printing, rolling 
mills, electrical switch rooms and data processing 
rooms. 

Typically, where these systems are to be used for the 
protection of rooms, one nozzle must not safeguard an area 
greater than 30m 2 . Where rooms are over 5m high, the 
nozzles used for general spraying of C0 2 must not only be 
installed in the upper portion of the room, under the ceiling, 
but also at a level approximately equal to one third of the 
room height. 

The function of C0 2 systems is to extinguish fires during 
the initial phase and to maintain a high C0 2 concentration 
until the danger of re-ignition has abated. These systems 
consist essentially of C0 2 containers, back-up supplies of 
extinguishant, the necessary valves and a fixed pipe network 
with a suitable distribution of open nozzles and devices for 
fire detection, activation, alarm and extinguisher operation. 

Powder extinguisher systems 

Extinguishing powders are homogeneous mixtures of 
chemicals that act as fire suppressants. Their base 
constituents are, for example, as follows: 

- sodium/potassium bicarbonate 

- potassium sulphate 

- potassium/sodium chloride 

- ammonium phosphate/sulphate. 

Since the powder is ready for use under normal conditions 
at temperatures of-20°C to +60°C, it is used for buildings, 
in closed rooms and also for outdoor industrial 
applications. Powder extinguishants are suitable, for 
example, where the following substances and installations 
are involved: 


- solid flammable substances such as wood, paper and 

textiles, where a suitable powder is required in all 
cases 

- flammable fluids and other substances which, when 

burning, react as flammable fluids 

- flammable gases 

- flammable metals, such as aluminium, magnesium 

and their alloys, for which only special extinguishant 
powders are employed. 

Examples of industrial areas where fixed powder systems 
are frequently used include chemical plant and associated 
process plant, underground oil storage facilities, filling 
stations, compressor and pumping stations, and transfer 
stations for oil and gas. There are also some installations in 
which powder extinguishants should not be used. These 
include areas housing, for example: 

- dust sensitive equipment and low-voltage electrical 
installations (e.g. telephone systems, information 
processing facilities, measurement and control 
facilities, distribution boxes with fuses and relays, 
etc.) 

- materials which are chemically incompatible with the 
extinguishant (i.e. there is the danger of chemical 
reaction). 

Halon room protection systems 

Halon is a halogenated hydrocarbon, usually bromotri- 
fluoromethane. Its extinguishing effect is based on the 
principle that it supresses the reaction between the burning 
material and oxygen. Halon systems can only be used in 
extinguishing areas where the room temperature will 
remain between -20°C and +450°C and neither should there 
be any equipment with an operating temperature above 
450°C in the extinguishing area. 

Halon 1301, for example, is suitable for fires in areas 
containing: 

- fluids and other substances that react as flammable 
fluids when burning 

- gases, provided that no combustible gas/air mixture 
can form after the fire has been extinguished 

- electrical and electronic equipment and plant. 
Examples of activities and areas for which halon systems 
are suitable include: 

- paint manufacture, spray paint shops, powder 
coating plant 

- electrical equipment rooms 

- electronic data processing and archiving rooms. 

The possibility of environmental damage cannot be 
excluded and should be considered where halon systems 
are proposed. 

Foam extinguishing systems 

Foam systems are used for extinguishing fires in buildings, 
rooms and outdoors, and they can also be used to form a 
protective layer over flammable liquids. The foam 
extinguishant is generated through the action of a 
water/foaming agent mixture with air. The foaming agents 
are liquid additives that consist of water-soluble products of 
protein synthesis and, if required, may contain additional 
fluorinated active ingredients. 

The key characteristics of foam extinguisher systems to 
be considered are the water application rate, the requisite 
amount of foaming agent and the minimum operating time 
{e.g. between 60 and 120 minutes, depending on the type of 
foam). The system should be sized so that, in the event of a 
fire, sufficient foam enters the protected area to provide an 
effective cover. Precautions must be taken to prevent the 
escape of flammable fluids from the protected area (e.g. 
upstands). Account must also be taken of flow and spraying 
distances, possible obstructions, and the spacing and type 
of objects to be protected. 
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Example of a 30 minute double door 


FIRE PROTECTION: CLOSURES AND 

GLAZING 


Fire protection closures 

Fire protection closures are units comprising: 

- a door, or doors, with associated frames and fixings 
for the frame 

- a self-closing device (either a flat spring or door 
closer with hydraulic damping) 

- a closing sequence regulator (on double doors) 

- relevant mechanisms required if sliding, roller or 
vertical lift doors are fitted 

- a door lock 

- a locking system with release devices for closures, 
which, during normal usage, must be held open and 
closed only in the event of fire. 

If a fire takes hold, considerable distortion can occur 
between the wall and the door. Fire protection doors should 
therefore be considered in conjunction with the method of 
construction of the wall (i.e. solid walls or stud 
construction) to ensure that the combination is effective 
and permissible. 

The level of fire resistance is dependent to a large degree 
on: 

- the size of the door and opening 

- the precision of manufacture 

- the standard of workmanship during installation. 

Smoke protection doors 

Smoke protection doors are suitable for the limitation of 
smoke propagation in buildings but they are not fire 
protection enclosures in accordance with fire regulations. 
These doors are self-closing doors that are intended, when 
closed, to stop smoke passing from one part of the building 
into another. 

Closures in walls of lift shafts 

Closures in lift shaft walls, particularly the doors, must be 
constructed to prevent fire and smoke being transmitted to 
other floor levels. The effectiveness of the closure is then 
only assured, if suitable lift shaft ventilation is available and 
the lift cage consists predominantly of fire resistant 
construction materials. The size of the ventilation openings 
will be given in the local building regulations. In general, a 
cross-section of at least 2.5% of the plan area of the lift shaft 
is required, but this must be at least 0.1 m 2 . 

Fire protection glazing 

Fire protection glazing is a component consisting of a frame 
with one or more light transparent elements (e.g. panes of 
fire protective glazing), mountings, seals and means of 
fixing. It will resist fire, in accordance with the classification, 
for 30, 60, 90, or even 120 minutes. 

Heat radiation resisting glazing These are light 
transparent components that can be arranged vertically, 
horizontally or be inclined. They are suitable as fire 
protection glazing to impede the propagation of fire and 
smoke and the passage of heat radiation, according to their 
fire resistance period. Their stability will have been 
demonstrated in a strength test. 

Heat radiation resistant glazing loses its transparency in 
the event of fire and provides wall-like fire protection. This 
implies that thermal insulation must be preserved during 
the whole of the fire resistance period. 

This type of glazing is predominantly used internally, 
although recent developments have rendered it suitable for 
external use. 
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FIRE PROTECTION: GLAZING 


Heat radiation resistant glass consists of two pre- 
stressed panes 6mm apart which are prefabricated as a 
type of double glazing unit. During manufacture, the air 
between the panes is replaced by an organic, water- 
containing substance (gel). In the event of fire, the 
individual pane exposed to the fire cracks and the gel 
then compensates for the heating by evaporation. Due to 
the scalding on the surface of the fire protective layer, the 
glass becomes discoloured and is then non-transparent 
to light. 

Alternatively, this type of glazing may also consist of 
three or four silicate glass panes, laminated with fire 
protection layers of gel containing an inorganic 
compound. These layers provide the fire retarding effect. 
The gel itself is formed from a polymer, in which the 
inorganic salt solution is embedded, which is highly 
water-retentive. 

In the event of fire, a thermal insulation layer forms and 
considerable amounts of energy are absorbed through the 
vaporisation of the water. This process repeats itself, layer 
by layer, until the gel in the intermediate layers between all 
of the panes has been dissipated. In this way, fire 
resistance times of 30, 60, 90 minutes and longer are 
achieved. 

The gel layers in this heat radiation resisting glazing can 
only tolerate temperatures between -15°C and +60°C. With 
regard to temperatures above the permitted upper limit of 
+60°C, application in individual cases must be decided on 
the basis of the orientation of the fagade to the sun and 
whether the absorption of radiation by the gel might result 
in the temperature limit being exceeded. If necessary, the 
intensity of radiation from the sun must be reduced 
through the use of protective glass or by other shading 
precautions. However, as a rule, such precautions are not 
necessary. 

These glazing systems usually have special steel 
glazing bars, which are thermally isolated, and the 
surfaces of the frames can be faced with aluminium, if 
required. 
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90 minute fire resistance, heat radiation resistant 


The typical maximum height is 3.50m, with a maximum 
individual pane size of 1.20 x 2.00m. There is also the 
possibility of replacing individual panes of glass with non¬ 
load bearing panels. 

Fire resistant glazing without heat radiation 
resistance These are light transparent components that 
can be arranged vertically, horizontally or be inclined. They 
are suitable as fire protection glazing to impede the 
propagation of fire and smoke according to their fire 
resistance period. They do not, however, prevent the 
passage of radiated heat. This type of glazing remains 
transparent in the event of fire and is as effective as glass 
for fire protection. 

Glazing without heat radiation resistance reduces the 
temperature of the radiating heat by about one half as it 
passes through the pane. 

This grade of fire resistance can be achieved by three 
different types of glass: 

(l)Wire reinforced glass with spot welded mesh such 
that in the event of breakage the glass pane is 
retained by the wire mesh. Maximum resistance up to 
90 minutes. 

{2}Speciaily manufactured double glazing units. 
Maximum resistance up to 60 minutes. 

(3) Pre-stressed borosilicate glass {for example, Pyran). 
Maximum resistance up to 120 minutes resistance as 
a single pane. 

The installation of this type of glazing in the fagades of high 
buildings can prevent the spread of fire from one level to 
another. This applies especially to high-rise buildings which 
are subdivided into horizontal fire compartments. On 
buildings with inside corners, an unimpeded spread of fire 
can occur in the region of windows but this can also be 
avoided by using this type of glazing. 

Generally, glazing without resistance to heat radiation 
should only be installed in places which do not serve as 
an escape route (for example, as light openings in 
partition panels). If used adjacent to escape routes, the 
lower edge of the glass should be at least 1.80 m above 
floor level. The permitted use of this glazing must be 
decided on an individual basis by the relevant local 
building authority. 

Door glazing 

The frames for fire protection glazing, together with the 
light transparent elements (glass), ensure integrity 
according to grade of fire resistance in the event of fire. 
The following materials (and material combinations) 
have proved to be suitable for the construction of 
frames: 

- steel tube sections with an intumescent protective 
coating 

- plasterboard and wood with, for example, light metal 
(LM) facings 

- light metal sections with fire resistant concrete 
cores 

- heat radiation protected LM laminated sections 

- combined sections: concrete outside (paintable), 
inside of LM, sections of pre-cast concrete (paintable), 
hardwood sections, heat insulated profiles with 
steam relieved interstitial air gaps and light metal 
with fire resistant and penetration resistant concrete 
cores. 
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FIRE PROTECTION: WATER COOLING 



Water cooled structures in steel-framed 
buildings 


A closed circuit cooling system is created by connecting the 
upper column ends to header pipes from an overhead 
reservoir. The cooling medium flows to the lower column 
ends, which are connected to distributor pipes that lead to 
a riser pipe back to the overhead reservoir. Two circuit 
systems must be provided following the general structural 
arrangement of the building. In some cases, building 
regulations demand that, in the event of the destruction of 
a structural member, for example, as a consequence of an 
explosion, the overall structure must remain stable ( 3 ). For 
this kind of catastrophic loading case (i.e. for the failure of 
every second support), a design stress of 90% of the yield 
point value is used as a basis for structural calculations. 

Typically, four 3m 3 overhead tanks (i.e. 12m 3 of water), 
are sufficient to counteract a normal fire of 90 minutes 
duration, involving a spread of fire to two floor levels. On 
the basis of expert opinion, this also gives a safety margin 
of almost a third in respect of the available water. 

Where the structural columns are outside the building, 
freezing of the cooling water is prevented by the addition of 
potassium carbonate in a 33% solution, lowering the 
freezing point to -25°C. Internal corrosion of the columns of 
the circulation pipework and of the tanks is prevented by 
the addition of sodium nitrite to the cooling liquid. 

A good example of the use of water cooling is the ten- 
storey building in Karlsruhe for the Landesanstalt fur 
Umweltschutz (Federal Institute for Environmental 
Protection). It has {12 + 12 ) x 2 = 48 steel columns, which are 
supplied with cooling water circulation such that the 12+12 
columns are alternately connected to separate water 
circuits. The two circulatory systems of the front and rear 
elevations are separate. 

Very high temperatures have also been measured on the 
steel structural elements due to normal warming by the sun 
in summer. In one instance, following an increase of 30°C, 
the approximately 33m long outer columns of the building 
expanded vertically by about 12 mm, resulting in 
displacements of the supports for the continuous, multi¬ 
span structural frame. This factor had to be taken into 
account in the design. Since differences in density of the 
cooling medium occur due to warming, not only by fire but 
also through solar radiation, a natural circulation of the 
coolant takes place and the columns which are heated by 
the sun are cooled. A favourable effect here is that each of 
the four cooling systems has columns on both the north 
and south side of the building, so that a temperature 
equalisation can take place. Column temperatures of-15°C 
and +50°C were therefore taken as the basis for calculation. 
Without the equalisation through the cooling medium, 
values of around -25°C and +80°C would have had to be 
assumed in demonstrating structural integrity. 


Fire resistance of steel structural elements 

The fire resistance duration of structural steel elements for 
a prescribed level of fire intensity is dependent on the rate 
of heat increase and the respective critical temperature of 
the element. The temperature of a steel member increases 
more rapidly as the ratio of the surface exposed to the fire 
increases in relation to the steel cross-section. Large steel 
cross-sections heat up at a slower rate given the same 
depth of coating, the same material and equal fire surface 
coverage, and therefore have a greater resistance to fire 
than smaller cross-sections. 
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Water cooled structure 
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Side view of circulation 
system with supply 
reservoir (not to scale) 
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Water cooling scheme 


An important influencing parameter for the heating up 
process is therefore the section factor Hp/A (i.e the ratio of 
the heated perimeter to nominal cross-sectional area. The 
characteristics of the coating material are also decisive to 
this heating up process, as is the adhesion of the coating to 
the steel surface. The heating up period can be calculated or 
obtained from fire tests in accordance with relevant 
standards. 

Steel components can fail if the 'critical steel 
temperature' is reached on critical cross-sections. The fire 
resistance period is therefore dictated by the time taken for 
the component to be heated up to this critical steel 
temperature. 

The relationship between section factor, depth of coating 
and the duration of fire resistance of steel columns and 
steel girders has been investigated for various types of 
covering. The results are widely available and should be 
considered in the light of the possible fire risks associated 
with the proposed building. 
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Building regulations stipulate what measures must be 
taken to ensure that occupants of buildings can escape if 
there is a fire. If there are spaces in the building which 
have no direct access to the outside, then a route 
protected from fire that leads to safety must be provided. 
Different standards apply to different building types as 
follows: 

(1) dwellings, including flats 

(2) residential (institutional) buildings, namely those that 
have people sleeping in them overnight (e.g. hotels, 
hospitals, old people's homes) 

(3) offices, shops and commercial premises 

(A) places of assembly and recreation, such as cinemas, 
theatres, stadiums, law courts, museums and the like 

(5) industrial buildings (e.g. factories and workshops) 

(6) storage buildings, such as warehouses and car-parks. 
Special provisions must be made for escape from very tall 
buildings. 

Factors to be taken into account when designing means 
of escape from buildings are: 

• the activities of the users 

• the form of the building 

• the degree to which it is likely that a fire will occur 

• the potential fire sources 

• the potential for fire spread throughout the building. 
There are some assumptions made in order to achieve a 
safe and economic design: 

(l)Occupants should be able to escape safely without 
outside help. In certain cases this is not possible (e.g. 
hospitals) so special provisions need to be made. 

<2) Fire normally breaks out in one part of the building. 

(3) Fires are most likely to break out in the furnishings and 
fittings rather than in the parts of the building covered 
by the building regulations. 

(4) Fires are least likely to break out in the structure of the 
building and in the circulation areas due to the 
restriction on the use of combustible materials. 

(5) Fires are initially a local occurrence, with a restricted 

area exposed to the hazard. The fire hazard can then 
spread with time, usually along circulation spaces. 

(6) Smoke and noxious gases are the greatest danger 
during early stages of the fire, obscuring escape 
routes. Smoke and fume control is therefore an 
important design consideration. 

(7) Management has an important role in maintaining the 
safety of public, institutional and commercial 
buildings. 

GENERAL PRINCIPLES 

The general principle applied in relation to means of escape 
is that it should be possible for building occupants to turn 
away from the fire and escape to a place of safety. This 
usually implies that alternative escape routes should be 
supplied. The first part of the route will usually be 
unprotected (e.g. within a room or office). Consequently, 
this must be of limited length, to minimise the time that 
occupants are exposed to the fire hazard. Even protected 
horizontal routes should be of limited length due to the risk 
of premature failure. The second part of the escape route is 
generally in a protected stairway designed to be non¬ 
combustible, and resistant to the ingress of flames and 
smoke. Once inside, the occupants can proceed without 
rushing directly, or via a protected corridor, to a place of 


MEANS OF ESCAPE FROM FIRE 

safety. This is generally in the open, away from the effects 
of the fire. 

In certain cases, escape in only one direction (a dead 
end) is permissible, depending on the use of the building, 
the risk of fire, the size and height of the building, the length 
of the dead end and the number of people using it. 

Mechanical installations such as lifts and escalators 
cannot be included as means of escape from fire. Nor 
are temporary devices and fold-down ladders 
acceptable. Stairs within accommodation are normally 
ignored. 

Due regard must be given to security arrangements so 
that conflicts with access and egress in an emergency are 
resolved. 



RULES FOR MEASUREMENT 

The rules for measurement relate to three factors: 
occupant capacity, travel distance and width of escape 
route. 

Occupant capacity is calculated according to the 
design capacities of rooms, storeys and hence that of the 
total building. If the actual number of people is not 
known, then they can be calculated according to standard 
floor space factors, giving the allotted metre area per 
person depending on the type of accommodation. 

Travel distance is calculated according to the shortest 
route, taking a central line between obstructions (such as 
along gangways between seating) and down stairs. 

Width is calculated according to the narrowest section 
of the escape route, usually the doorways but could be 
other fixed obstructions. 

MEANS OF ESCAPE FROM DWELLINGS 

The complexity of escape provisions increases with the 
height of the building and the number of storeys above 
and below the ground. However, there are 
recommendations that refer to all dwellings: 

Smoke alarms These should be of approved design 
and manufacture and installed in circulation areas near 
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to potential sources of fire (e.g. kitchens and living 
rooms) and close to bedroom doors. Installation should 
be in accordance with the details of the manufacturer 
and the building regulations. The number of alarms 
depends on the size and complexity of the building, but 
at least one alarm should be installed in each storey of 
the dwelling, and several interlinked alarms may be 
needed in long corridors >15m). Consideration must be 
given to ensure the easy maintenance and cleaning of 
the alarms. 

Inner rooms Escape from these might be particularly 
hazardous if the fire is in the room used for access. Inner 
rooms should therefore be restricted for use as kitchens 
or utility rooms, dressing rooms, showers or bathrooms, 
unless there is a suitable escape window at basement, 
ground or first floor levels. 

Basements Gases and smoke at the top of internal 
stairs makes escape from basements hazardous. 
Therefore basement bedrooms and inner rooms should 
have an alternate means of escape via a suitable external 
door or window. Regulations stipulate detailed 
dimensions for windows and doors used for escape 
purposes. 
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MEANS OF ESCAPE FROM FIRE 




automatic opening vent at 
each end of the corridor 


(a) 


key 

FD30s seif-closing fire door 
(30 minutes integrity 
and restricted smoke 
leakage) 

fire-resisting 

construction 

F/M fiat or maisonette 




maximum travel distance may 
be increased to 7.5m if automatic 
opening vent is provided in the 
lobby 


openable vent 
(by fire service) 



(d) 


door free from security fastenings 
(lobby may be omitted if flats/ 
maisonettes have protected 
entrance halls 


openable 
vent 
(by fire 
service) 


maximum 
two dwellings 
per floor 


single stair access in small 
buildings shown in (c) and (d) 
permitted if: 

• maximum five storeys 

• top floor not greater than 
11m above ground level 

• escape route does not 
connect to covered car¬ 
park at ground level 
(unless open sided) 


Typical arrangements for flats or maisonettes with single 
y common stairs according to the Building Regulations for England 
and Wales: (a) corridor access, (b) lobby access, (c) and (d) single 
Stair access in small buildings 


Generally, single dwellings of three or more storeys (or, 
according to the UK Building Regulations, with one or 
more floors over 4.5m above the ground) require 
protected stairways of 30 minutes fire-resistant 
construction, furnished with self-closing fire doors. 

Dwellings divided into flats or maisonettes should 
have fire protected access corridors leading to protected 
common escape stairs. The provision of two stairs giving 
alternative escape routes is necessary in all but the 
smallest buildings. It is essential to provide for 
ventilation of escape corridors and stairs in order to 
dissipate smoke. 

Each flat or maisonette is regarded as a separate fire 
compartment so only the unit on fire needs to be initially 
evacuated. Hence, entrance doors to flats and 
maisonettes must be self-closing fire doors (30 minutes) 
and open into a protected internal lobby with self closing 
fire doors which give access to the rooms. (->© + ©) 

MEANS OF ESCAPE FROM BUILDINGS OTHER 
THAN DWELLINGS 

General guidelines cover the following features. 

Construction and protection of escape routes These 
cover the fire resistance of the enclosures including any 
glazed panels and doors (varying according to situation), 
headroom (2m minimum), safety of floor finish (non¬ 
slip), and ramps (not steeper than 1:12). 

Provision of doors These should open at least 90 
degrees in the direction of travel and be easily opened 
(use simple or no fastenings if possible). They should not 
obstruct the passageway or landing when open (use a 
recess if necessary) and be of the required fire/smoke 
resistance depending on the particular situation. Vision 
panels are required when the door may be approached 
from both sides or swings two ways. 

Construction of escape stairs Escape stairs should 
be constructed of materials of limited combustibility in 
high-risk situations (e.g. when it is the only stair, a stair 
from a basement, one serving a storey more than 20 m 
above ground level, an external stair or one for use by 
the fire services. Single steps should be avoided on 
escape routes, though they are permitted in a doorway. 
Special provisions apply to spiral and helical stairs. Fixed 
ladders are not suitable as means of escape for the 
public. 

Final exits These should be very obvious to users 
and positioned so as to allow the rapid dispersion of 
escaping people in a place of safety, away from fire 
hazards such as openings to boiler rooms, basements, 
refuse stores etc. 

Lighting and signing Escape routes should be well 
lit with artificial lighting, and generally equipped with 
emergency escape lighting in the event of a power 
failure. Stairs should be on an independent circuit. In 
crucial areas, the wiring should be fire resistant. The 
exits must be well signposted with illuminated signs. 

Lift installations and mechanical services, etc. Lifts 
cannot be used as a means of escape. Because they 
connect storeys and compartments, the shafts must be of 
fire resisting construction. The lift doors should be 
approached through protected lobbies unless they are in 
a protected stairway enclosure. The lift machine room 
should be situated over the lift shaft if possible. Special 
recommendations cover the installation of wall-climber 
and feature lifts. Mechanical services should either close 
down in the event of a fire, or draw air away from the 
protected escape routes. Refuse chutes and refuse 
storage must be sited away from escape routes and 
separated from the rest of the building by fire resistant 
construction and lobbies. 
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Horizontal escape routes 

The number of escape routes and exits required depends 
on the maximum travel distance that is permitted to the 
nearest exit and the number of occupants in the room, area 
or storey under consideration. 

Generally, alternative escape routes should be provided 
from every part of the building, particularly in multistorey 
and mixed-use buildings. Areas of different use classes {e.g. 
residential, assembly and recreation, commercial, etc.) 
should have completely separate escape routes. 

Below are examples of typical maximum permitted travel 
distances in various types of premises. If, at the design stage, 
the layout of the room or storey in not known (for instance, 
in a speculative office building) then the direct distance 
measured in a straight line should be taken. Maximum direct 
distances are two thirds of the maximum travel distance. 

- institutional buildings: 9m in one direction, 18m in 
more than one 

- office and commercial buildings, shops, storage and 
other non-residential buildings: 18m in one direction, 
45m in more than one 

- industrial buildings: 25m in one direction, 45m in 
more than one. 

There are more stringent and detailed requirements for 
places of special fire risk and plant rooms. 

Note how the travel distances are much reduced where 
escape is possible in only one direction. However, this is 
only suitable where the storey or room contains few people 
(e.g. less than 50). Rooms at the beginning of an escape 
route may only have one exit into the corridor; in this case 


the single directional travel distance should apply within 
the room and the two directional travel distance should 
apply to the distance between the furthest point in the room 
and the storey exit. 

The layout of the exits from a room or storey may be 
such that from certain parts of the room they do not offer 
alternative escape routes. Figure (3) shows regulations as 
applied to two types of room configuration. If the angle of 
45 degrees cannot be achieved, then alternative escape 
routes separated by a fire-resisting construction should be 
provided, or the maximum travel distance will be that 
allowed for one direction of travel. 

The number of exits and escape routes required depends 
also on the maximum number of people in the area under 
consideration. Below are typical requirements: 

500 people 2 exits 


1000 
2000 
4000 
7000 
1100 
1600 
1600+ 

Tho minimum \A/i H + h hrtri-,rm + ol 


3 

4 

5 

6 

7 

8 


8 plus 1 per extra 500 persons 


determined by the number of people using them. Typical 
values are: 


50 people 
110 
220 
220 + 


800 mm 
900mm 
1100mm 

extra 5mm per person 



openabte vent 
(by fire service) 


FD30s 

_LL 


FD30S f 






.T 




N FD30s 


“7 FD30s 


F/M 
FD30s 


F/M 
FD30s 


7. 


F/M 
FD30s^j 




F/M 

FD20s 


openable vent 
(by fire service) 


30m maximum 
travel (no limit if there 
{i9A6| (uo itLu;; ft ;p6L6 
30 uj uuaxtujfiuj 
30m maximum 
travel (no limit if there 
is alternative escape 
from each dwelling) 


(continuation 
layout repeated) 

(a) 


note: automatic 
opening vents to 
have min. free 
area of 1.5m 2 
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Typical arrangements for flats or maisonettes with more than 
one common stair according to the Building Regulations for 
England and Wales: (a) corridor access, (b) corridor access with 
dead ends 


automatic 
opening vent 



(continuation 
layout repeated) 


7.5m max. 
travel 


openable vent 
(by fire service) 


key 

I<sA 

key 

FD30s self-closing fire door 

FD20s (30/20 minutes 
integrity and 
restricted smoke 
leakage) 

fire-resisting 

construction 

F/M flat or maisonette 


FD20s (may be 
omitted if travel 
distance is less 
than 15m) 


(b) 
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all points in the shaded area ail points in the unshaded area 

should conform to travel distances may conform to travel distances 

given in the regulations for escape given in the regulations for escape 

in one direction storey/room in more than one direction 

exit A 



greater 


storey/room 
exit B 


OR: if 45° angle cannot be achieved, separate 
alternative escape routes from each other 
with fire-resisting construction 


® 


Alternative escape routes 
in buildings other than 
dwellings according to the 
Building Regulations for 
England and Wales 


storey/room 
exit C 



EC and ED may 
conform to travel 
distances given in the 
regulations for escape 
in more than one 
direction if angle CED 
is greater than or 
equal to 45° 


storey/room 
exit D 


(b) 


The design of escape routes must take into account 
planning considerations such as: 

Inner rooms More stringent rules apply to these than in 
dwellings, such as reduced travel distances, restrictions on 
use and occupancy as well as construction and the 
provision of fire detection equipment. 

Relationships between horizontal escape routes and 
stairways It is important to avoid: the need to pass 
through one stairway to reach another; the inclusion of a 
stairway enclosure as the normal route to various parts of 
the same floor; linking separate escape routes in a common 
hall or lobby at ground floor. 

Common escape routes by different occupancies These 
should be fire protected or fitted with fire detection and 
alarm systems. Escape from one occupancy should not be 
via another. 

Escape routes , design factors Fire protection to escape 
corridors should be provided for in all residential 
accommodation, dead ends and common escape routes. 
Other escape corridors should provide defence against the 
spread of smoke in the early stages of the fire. To prevent 
blockage by smoke, long corridors (>12m) connecting two 
or more storey exits should be divided by self-closing fire 
doors. Fire doors should also be used to divide dead-end 
corridors from corridors giving two directions of escape. 
See (4) for typical arrangements. 


Vertical escape routes 

These are provided by protected escape stairs of sufficient 
number and adequate size. Generally, the rules requiring 
alternative means of escape mean that more than one 
stairway is required. The width of the stairs should allow 
the total number of people in the storey or building 
subjected to fire to escape safely. Wide stairways must be 
divided by a central handrail. The width should be at least 
that of the exits serving it, and it should not reduce in width 
as it approaches the final exit. Typical minimum escape 
stair widths, depending on the type of building and the 
number of people they serve, are as follows: 1000mm for 
institutional buildings serving up to 150 people; 1100mm 
for assembly buildings serving up to 220 people; between 
1100mm and 1800mm for any other building serving more 
than 220 people, depending on the number of people and 
number of floors. 

Each internal escape stair should be contained in its own 
fire-resisting enclosure and should discharge either directly, 
or by means of a protected passageway, to a final exit. As 
protected stairways must be maintained as a place of 
relative safety, they should not contain potentially 
hazardous equipment or materials. These restrictions do 
however allow the inclusion of sanitary facilities, a lift well, 
a small enquiry office or reception desk, fire protected 
cupboards and gas meters. 
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to storey exit 


subdivide corridor if exceeding 
12m in length and giving access 
to alternative escape routes 



(a) 


MEANS OF ESCAPE FROM FIRE 

Reductions in the level of fire resistance are allowed on the 
outside wall of a staircase, depending on the proximity to 
other openings in the fagade. 

Basement stairs need special attention. The danger of 
hot gases and smoke entering the stair and endangering 
upper storeys means that at least one stair from the upper 
storeys should not continue down to the basement, in 
continuous stairs, a ventilated lobby should separate the 
basement section from the section serving the upper floors. 

External escape stairs are usually permissible as an 
alternative means of escape, but should be adequately 
protected from the weather and fire from the building. They 
are not suitable for use by members of the public in 
assembly and recreation buildings. 



FD30s 

FD30s 

provide fire door 
across corridor 
if dead end 
exceeds 4.5 m 

_ n_j 


p\ 

n 



::;:::!::::: FD30s 

FD30s 

FD30s 




Vj 

U~ 
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key 


[ ' j protected corridor with fire- 
. c • - resisting construction 

FD30s self closing fire door (30 minutes integrity 
and restricted smoke leakage) 


(b) 



ACCESS FOR FIREFIGHTERS 

Provision should be made in design to allow firefighters 
good access to the building in the event of a fire, and to 
provide facilities to assist them in protecting life and 
property. 

Sufficient access to the site for vehicles must be 
provided to allow fire appliances to approach the building. 
Principal appliances are ladders, hydraulic platforms and 
pumping appliances. Access roads for fire appliances 
should be at least 3.7 m wide with gates no less than 3.1 m. 
Headroom of 3.7m for pumps and 4.0m for high-reach 
appliances is required. The respective turning circles of 
these appliances are 17m and 26m between curbs. Allow 
5.5m wide hardstanding adjacent to the building, as level as 
possible (not more than 1:12), with a clearance zone of 2.2m 
to allow for the swing of the hydraulic platform. 

Firefighters must be able to gain access to the building. 
The normal escape routes are sufficient in small and low 
buildings, but in high buildings and those with deep 
basements additional facilities such as firefighting lifts, 
stairs and lobbies, contained within protected shafts, will be 
required. 

Fire mains in multistorey buildings must be provided. 
These may be wet or dry risers (fallers in basements). 

p. 128. 

A means of venting basements to disperse heat and 
smoke must be provided. In basements, flames, gases and 
smoke tend to escape via stairways, making it difficult for 
firefighters to gain access to the fire. Smoke vents (or 
outlets) are needed to provide an alternative escape route 
for these emissions directly to the outside air and allow the 
ingress of cooler air. Regulations stipulate the positions and 
sizes of vents. Either natural venting or mechanical venting 
in association with a sprinkler system may be used. 


tc) 
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Typical arrangements of escape corridors in buildings other than 
dwellings according to the Building Regulations for England and 
Wales 
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PROTECTION FROM LIGHTNING 






© 


Pyramid roof 



© 


Sawtooth roof 


Around a latitude of 50°, lightning strikes the ground 
approximately 60 times (and cloud 200-250 times) per hour 
of storms. Within a radius of 30m from the point of strike 
(trees, masonry work, etc.), persons in the open air are in 
danger from stepped voltages and, consequently, should 
stand still with their feet together. 

The damage liable to be inflicted on building 
constructions is due to the development of heat. Ground 
strikes heat and vaporise the water content to such a degree 
that walls, posts, trees, etc., can explode due to the 
overpressure generated wherever dampness has collected. 
Roof structures, dormer windows, chimneys and ventilators 
should receive particular attention in lightning protection 
systems and should be connected into the system. 

A lightning protection system consists of lightning rods, 
down conductors and earthing devices. In essence, a 
lightning protection system represents a 'Faraday cage', 
except that the mesh width is enlarged. Also, initial contact 
points (or lightning rods) are fitted, so that the point of 
impact of the strike can be fixed. Thus, the lightning 
protection system has the function of fixing the point of 
lightning strike by means of the air terminals and ensuring 
that the structure lies within a protected zone. 

The air terminals or lightning conductors are metal rods, 
roof wires, surfaces, roof components or other bodies. No 
point on the roof surface should be further than 15m from 
an air terminal device. 

On thatched roofs, due to the danger of ignition resulting 
from the corona effect, metal bands (600mm wide) should 
be laid over the ridge on wooden supports -> (8). When 
flowing, a lightning current can reach 100000A and, due to 
the earthing resistance, a voltage drop of 500000V occurs. 
In the instant of the strike, the entire lightning protection 
system, and all components which are connected to it by 
metal parts, are subjected to this high potential. 

Equipotential bonding is the very effective precaution of 
connecting all large metal components and cables to the 
lightning protection system. 
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Typical modern lightning protection system 


ridge wire on wooden props 600 mm 
above the ridge 




Thatched building conductor is 400 mm from roof surface and 
connected to collective earthing 
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Steel frame construction: 
frame connected to the 
roof conductor and to the 
earthing conductor 
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Sheeted roof with wooden 
walls: roof connected to 
ridge conductor and the 
conductor to earth 
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The main components of a 
lightning protection system 




aluminium roof 
min. 0.5mm thick 



conductor 
to earth 



earthing 

Aluminium roof decking used 
as a lightning conductor 



earthing 

© Aluminium roof and wall 



Chimneys with lightning 
conductor connected to the 
ridge conductor 
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Metal roof structures and 
ventilation pipes connected 
to the lightning protection 
system 


Lightning conductors on 
chimneys close to the eaves 
connected to the roof 
guttering 


PROTECTION FROM LIGHTNING 

The earthing system is required to conduct the lightning 
current rapidly and uniformly to earth; this is achieved by 
using uninsulated metal bands, tubes and plates, pushed so 
deep into the ground that a low resistance to ground 
dissipation is attained -> @ - (f|). The level of earthing 
resistance depends on the type of ground and the 
dampness -» ©. A distinction is made between deep 
earthing electrodes and surface earthing electrodes. 
Surface earthing electrodes are designed either in a ring 
shape or in a straight line; preferably, they are embedded in 
the concrete of the foundations -> © - ®. Rod earthing 
electrodes (round rods or rods with an open profile) are 
contained in a tube driven into the ground. Earthing 
electrodes inserted to a depth of more than 6m are called 
'buried earth electrodes'. A star type earth electrode is one 
consisting of individual strips which radiate out from a 
point or from an earthing strip. On roofs, walls, etc., clad in 
aluminium, zinc or galvanised steel -> ® - ®, bare or 
galvanised copper conductors are not permissible; instead 
bare aluminium conductors or galvanised steel conductors 
should be used. 


earthing 

type 

marshy 

soil 

loam, 

clay, 

arable soil 

damp 

sand 

damp 

gravel 

dry sand 

and 

gravel 

stony 

ground 

ground 

resistance 

(12} 

earth strip 
length (m) 
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earth pipe 
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length (m) 
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3 

10 
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4 
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earth pipe 
depth (m) 

2 

7 

14 
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earth pipe 
depth (m) 
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7 
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0) Groun d resistance of strip and pipe earthing electrodes 



not directly connectec 
the roof, and is theref 
on a support; a spark < 
of 30 mm is provided 
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Steel components for 
electrical sign equipment 
incorporate a voltage surge 
protection device 
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AERIALS 



prescribed polarisation reception direct no reception excess range 

Erection of a reception due to due to 

reflection interruption refraction 


The propagation of electromagnetic waves obeys the principles 
of wave optics 



(T) Propagation of radio waves ( 3 ) Choose location to avoid zones 

'"-' y of maximum interference 




Aerials affect the appearance of cities, and, when close together 
and in the same line of sight to the transmitter, they are subject 
to mutual interference. Communal aerials can solve these 
problems, but planning of these is needed at the initial stage of 
construction. Provision should be made in the basic construction 
of buildings for the space requirement and installation of 
facilities for amplifiers to oppose the current drop in the cabling 
and to provide adequate earthing ♦ (§)- (§) plus the additional 
equipment needed to earth the lightning protection system * 
p.138. For connections to water pipes, care is needed to avoid 
short circuiting water meters -> ( 6 ). Aerial performance is 
strongly influenced by the surroundings --> (T) e.g. trees 
extending above the aerial height -- evergreens, in particular - 
and overhead high voltage power lines. Good reception requires 
alignment (polarisation) with the nearest transmitter - the best 
position being when the aerial is in line of sight with the 
transmitter. Short waves do not follow the curvature of the Earth 
and ultra short waves only partially - a portion reaching the 
troposphere is reflected, so that TV reception may be possible 
even when the transmitter would not normally be of sufficient 
strength to reach the receiver. Various aerial shapes are 
available. Basic fundamentals should be observed ( 3 ). Aerials 
under the roof, intended for the UHF range, provide low-quality 
reception. In the VHF range, the drop in reception relative to 
outside aerials is only about half as great. Room aerials 
(auxiliary aerials) are many times weaker. One aerial should 
serve for the reception of long, medium, short, ultrashort waves 
and for a number of TV channels - with corrosion protection for 
long life. For aerial mast systems, reference should be made to 
the appropriate regulations -> Normally, the aerial mast is 
inserted into the roof framework, on a support member with a 
span of at least 0.75 m. On flat roofs, attachment to an outer wall 
is a practical proposition. Attachment to a chimney which is in 
use is disadvantageous due to the danger of corrosion. Aerials 
must not be mounted on roofs made from easily combustible 
roofing materials, e.g. straw or reeds; instead, mast or window- 
mounted aerials should be provided. Aerials are not required for 
wide band cable systems. In addition to the point of connection 
(to household), space should be provided in the cellar for the 
amplifier with mains connection. 













LIGHTING: LAMPS AND FITTINGS 


radiation physics quantity 

lighting technology 
quantity and symbol 

lighting technology 
unit and abbreviation 

radiation flux 

luminous flux 

<!> 

lumen 

(Im) 

radiant intensity 

light intensity i 

candela 

(cd) 

irradiance 

illuminance 

E 

lux 

(lx) 

radiance 

lighting density 

L 

(cd/m 2 ) 

radiant energy 

quantity of light 

Q 

(Im * h) 

irradiation 

light exposure 

H 

(lx * h) 


J J Quantities relating to radiation physics and lighting technology 




power supply rail with lamps 
supply/tube track system 
supply track with light fitting 


o o o O 


installation/assembly: pendant 
light fitting, round/cylindrical 


O 


wall floodlight, directed beam 
round/cylindrica! 


□ 


installation/assembfy: pendant 
light fitting, square 

installation/assembly: pendant 
light fitting, rectangular 



light fitting, general 

light fitting, number of bulbs, 

power 

light with switch 

safety light in battery circuit 


X 

€ 


safety light in standby circuit 
spotlight 


fluorescent lamps/general 
socket in strip arrangement, 
power 

socket, number of lamps, power 
light fitting for discharge 
lamp/general 


© 


General lighting symbols 
for architectural plans 


© 


Standard lighting symbols 
for architectural plans 



Diagrams of lamp types 

filament lamps halogen filament lamps 


A 


P(W): 60-200 
general purpose 
lamp (bulb) 


P(W): 75-250 


PAR 38 



P(W): 60-120 
reflector lamp 


PAR 56 


4 ^ 


P(W): 300 
reflector lamp 


GT-DE BdZ>H P(W): 200-500 


QT 


P(W): 300 

500 
750 
1000 


R 


A 


A 


A 


A 



P(W): 60-150 
reflector lamp 


PAR 38 
(QR 122) 


P(W): 75-250 
parabolic 
reflector lamp 


5 

A 


1=r 


P(W): 25-100 
soft-tone lamp 


P(W): 25-100 
krypton lamp 


P(W): 15-60 
candle lamp 


=5 

P(W): 35-120 
strip tight 


low-voltage halogen lamps 


P(W): 20-100 


P(W): 20 
reflector lamp 


P(W>: 20-75 
cold light 
reflector 


P{W): 35-100 
reflector lamp 


© 


Table of lamp types 


Significant lighting parameters 

The radiated power of light, as perceived by the eyes, is measured 
in terms of the luminous flux <P. The luminous flux radiated per solid 
angle in a defined direction is referred to as the light intensity I. The 
intensity of a light source in all directions of radiation is given by the 
light intensity distribution, generally represented as a light intensity 
distribution curve {see following page). The light intensity 
distribution curve characterises the radiation of a light source as 
being narrow, medium or wide, and as symmetrical or 
asymmetrical. 

The luminous flux per unit area is the lighting intensity or 
illuminance E. Typical values: 


global radiation (clear sky) 

max. 100000 lx 

global radiation (cloudy sky) 

max. 20000 lx 

optimum sight 

2000 lx 

minimum in the workplace 

200 lx 

lighting orientation 

20 lx 

street lighting 

10 lx 

moonlight 

0.2 lx 


The lighting density L is a measure of the perceived brightness. For 
lamps it is relatively high and results in glare, which necessitates 
shielding for lights in indoor areas. The lighting density of room 
surfaces is calculated using the lighting intensity E and the degree of 
reflection. 


Lamps 

Lamps convert electrical power (W) into luminous power {lumen, Im). 
The light yield {Im/W) is a measure of efficiency. 

For internal room lighting, filament and discharge lamps are 
used (J). 

Filament lamps typically provide warm white light that is flicker- 
free, can be dimmed without restriction and give very good colour 
rendering. They offer high lighting intensity, particularly in the case 
of halogen bulbs, and their compact size allows small lighting 
outlines and very good focusing characteristics {e.g. spotlights). 
However, filament lamps also have a low lighting efficiency (Im/W) 
and a relatively short bulb life of between 1000 and 3000 hours. 

Discharge lamps usually operate with a ballast device, and 
sometimes an ignition system, and offer high lighting efficiency with 
relatively long life (between 5000 and 15000 hours). The colour of the 
light depends on the type of lamp: warm white, neutral white or 
daylight white. Colour rendering is moderate to very good, but it is only 
possible to dim the lamps to a limited extent. Flicker-free operation can 
only be achieved by the use of an electronic ballast device. 


high-pressure discharge lamps 


fluorescent lamp 


HME 


P(W): 50-400 
mercury vapour 
lamp 


P(W): 18 
36 
58 


HMR 


P(W): 80-125 
mercury vapour 
reflector lamp 


HIR 



P(W): 250 
halogen metal 
vapour reflector 
lamp 


___ P(W>: 70-250 

HIT-DE halogen metal 

vapour lamp 


HIT 


P(W): 35-150 
halogen metal 
vapour lamp 


HIE 


P(W): 75-400 
halogen metal 
vapour lamp 


compact fluorescent lamps 


T «E 


_, pm. 7 

3 9 




P<W>: 10 26 

13 
18 


P(W); 18 
24 
36 


P(W): 7 40 

f ll 55 

£ 


with built-in ballast 


HST 


HSE 


P(W): 35-100 
halogen metal 
vapour lamp 


P(W): 50-250 
sodium vapour 
lamp 


comparison: up to 80% saving in 
electricity, life expectancy ten times 
greater 


! 25 W — SWjfl 

4°wW-^ 7WFn 
60 W W *11 w ¥ 

75 W 0^15 W jH) 
100W W-*20WP 
120 W W —23 W » 


141 


ITIFICIAL LIGHTING 
ID DAYLIGHT 











LIGHTING: LAMPS AND FITTINGS 




V 

V 


A 

grid lighting 






1-K 

f _ l 





G 

downlights 





flood lighting 

spotlights 

uplights 

square grids 

rectangular grids 

6 

A general purpose 

lamp 60-200W 


o 


O 



£ 

PAR, R parabolic reflector 
lamp 

reflector lamp 

60-300W 


o 


o 



0 

QT halogen filament 

lamp 75-250W 

O 

o 

o 

o 




GT-DE halogen filament 
lamp, sockets both 
sides 100-500 W 

o 


o 




B 

QT-LV low-voltage halogen 
lamp 20--100W 


o 


o 



A 

QR-LV low-voltage halogen 
reflector lamp 
20-100W 


o 


o 



* - * 

T fluorescent lamp 

18-58W 

o 


o 


O 

!- 

o 


TC compact fluorescent 

TC-D lamp 7-55W 

TC-L 

o 

o 

o 

o 

O 

o 

6 

HME mercury vapour 

lamp 50-400 W 




o 



6 

HSE/ sodium vapour lamp 

HST 50-250W 




o 




HIT halogen metal 

HIT-DE vapour lamp 

35-250W 

o 

o 

o 

o 
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Allocation of lamp types and lighting types 



downlight 
wail floodlight 



f¥f?\ 



direct/indirect light 

My/ \ I 


indirect light 


© 


Light fittings and light distribution 







decorative downlight, 
open surround with: 

- metal insert 

- smoked glass 

- fresnel insert 

- acrylic ring 



square downlight 
reflector 300 \ 300 mm 
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LIGHTING: PROVISION 


room 

height 

nominal 

illuminance 

area 

A < 100 W ! 

A > 100 W i 

00 

(*1 

a: 

£ 

PAR 56 1 

£E 

QT < 250 W 1 

LL 

o 

I- 

a 

5 

c 

O' 

a 

QT - LV 1 

QR - CB - LV 1 

QR -LV 


c 

i- 

a 

<- 

P- 

u 

P- 

HME < 80 W 

HME > 80 W 1 

HSE 

HST ! 

$ 

c 

C 

P- 

I 

HIT - DP > 70 W 1 

HIT < 70 W i 

HIT > 70 W 1 

X 

up to 
3m 

up to 

200 Lux 

garage car parks, packing rooms 
















• 









service rooms 













•9 

>« 

>9 










workshops 

























restaurants 

• 




• 




• 

•9 

>9 














foyers 

• 

wm 






• 

• 



9 












up to 

500 Lux 

standard offices, classrooms/lecture rooms, counters and cash desks 















9 










sitting rooms 

• 

• 







• 

9 



9 


9 










workshops 
















9 

9 







~ 

libraries 






• 



















sale rooms 










• 



9 







9 


9 



exhibition rooms 



• 










9 

9 


9 




9 


• 



museums, galleries, banqueting rooms 

• 

• 

• 

• 

• 

• 


• 


9 

9 














entrance halls 

• 

• 




• 







9 

9 











up to 

750 Lux 

data processing, standard offices with higher visibility requirements 

























workshops 

















9 




9 


9 


shops 















9 

9 








— 

supermarkets 




















_ 





shop windows 






999999 









9 

99 

9 


hotel kitchens 












9 



9 










concert stages 




• 


• 

• 


















drawing offices, large offices 

























3 m 
up to 
5m 

up to 

200 Lux 

storage rooms 

















9 

9 

9 






workshops 

























industrial workshops 


















9 

9 

9 


9 



foyers 


• 

• 






• 




9 












restaurants 





• 




• 

9 

9 


9 











— 

churches 


• 

• 



• 


















" 

concert halls, theatres 


• 




• 






I 













up to 

500 Lux 

workshops 

















9 




9 


9 


industrial workshops 

















9 




9 


9 


lecture halls, meeting rooms 


• 




• 



















sale rooms 
















9 





9 


9 


exhibition rooms, museums, art galleries 


9 

• 

• 

• 

9 

• 

• 

















entrance halls 


9 

• 

• 


9 







9 








9 


9 


restaurants 












□ 














sports halls, multipurpose halls and gymnasiums 






9 











9 




9 


9 

# 



workshops 














r 


9 

9 




9 


99 


art rooms 















9 











laboratories 




















_ 





up to 

750 Lux 

libraries, reading rooms 






9 









9 










exhibition rooms 















9 


9 




9 


9 



exhibition halls 












□ 





9 









shops 















9 






9 


9 



supermarkets 


























large kitchens 


























concert stages 



9 

i 


99 















_ 





industrial workshops, machine rooms, switchgear installations 












9 





9 

9 

9 



_ 

_ 

9 

up to 

rooms for racked storage systems 












9 





• 









churches 


9 


9 


• 




















concert halls, theatres 


9 


9 


• 



















over 

5 m 


industrial workshops 

















9 




9 

~ 

9 

9 

to 

museums, art galleries 




9 


• 









9 










500 Lux 

airports, railway stations, circulation zones 















9 

~99W 


9 



9 


banqueting halls 




9 


• 




















sports and multipurpose halls 






» 






i; 









9 



9 

. 


industrial workshops 

















9mm 





9 

to 

auditoriums, lecture halls 





~( 

• 






s~ 



» 










750 Lux 

exhibition rooms 







» 





»; 



» 





_ ( 






exhibition halls 

















9 



( 


< 



- 

supermarkets 





A 







i 

3 




9 



\ 


( 




A 

= general purpose lamps 

QT - LV 

PAR 

- parabolic reflector lamps 

QR - LV 

R 

= reflector lamps 

QR-CB-LV 

QT 

= halogen filament lamps 


QT 

DE = halogen filament lamps. 

T 


2 sockets 

TC 

© 

Provision of lighting for internal areas 


low-voltage halogen lamps 
low-voltage reflector lamps 
low-voltage reflector lamps, 
cold light 
fluorescent lamps 
compact fluorescent lamps 


TC - D = compact fluorescent lamps, 
4 tubes 

TC - L = compact fluorescent lamps, 
long 

HME = mercury vapour lamps 
HSE = sodium vapour lamps 


HST = sodium vapour lamps, 
tubular 

HIT = halogen metal vapour lamps 

HIE = halogen metal vapour 

lamps, elliptical 
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LIGHTING: ARRANGEMENT 

Forms of Lighting for Internal Areas 


tf 



5) Directional spotlights (?) Indirect lighting 



© Direct/indirect lighting (?) Ceiling floodlighting 


Direct, symmetrica! lighting © is preferred for all general 
illumination of work rooms, meeting rooms, rooms in 
public use and circulation zones. The required level of 
illumination can be achieved with relatively little electrical 
power: standard values for specific loadings are given on p. 
147. When designing a fighting system, an angle of 
illumination between 70° and 90° should be tried first. 

Downlights (wall floods, louvre lighting) > ( 2 ) can 
provide uniform wall illumination while the effect on the 
rest of the room is that of direct lighting. Wall floods on a 
power supply rail -» ( 3 ) can also give uniform wall 
illumination over the required area, depending on the 
separation between the lamp and the wall; up to 500lx can 
be achieved. Fluorescent lamps and halogen filament lamps 
can also be used. 

Wall floods for ceiling installation -> © can be sited so as 
to provide low room light or illumination of one wall. These 
can also make use of halogen filament lamps and 
fluorescent lamps. 

Downlighting with directed spotlights -4 (§) using a 
regular arrangement of lamps on the ceiling and swivelling 
reflectors can give different lighting levels in the room. 
Halogen filament lamps are most suitable, in particular 
those with low-voltage bulbs. 

Indirect lighting -> ® can give an impression of a bright 
room free of glare even at low lighting levels, although the 
room must be sufficiently high and careful ceiling design is 
needed to give the required luminance. Energy 
consumption in this form of lighting is up to three times 
higher than for direct lighting so combinations are often 
used (e.g. 70% direct, 30% indirect) providing the room 
height is adequate (h>3m) ( 7 ). Fluorescent lamps are 

usually used in direct/indirect lighting, but they may also be 
combined with filament lamps. 

Ceiling and floor floods -> ® - (9) are employed to 
illuminate ceiling and floor surfaces. They usually use 
halogen filament or fluorescent lamps, although high- 
pressure discharge lamps are also a possibility. 

Wall lights -> © are principally used for decorative wall 
lighting and can also incorporate special effects (e.g. using 
colour filters or prisms). To a limited extent, they can also 
be used for the illumination of ceilings or floors. 

Wall floodlights and spotlights on power supply rails 
->©-© are particularly useful in sale rooms, exhibitions, 
museums and galleries. With wall floodlights, typical 
requirements are for vertical illumination levels of 50lx, 150lx 
or 300lx; filament and fluorescent lamps are usually preferred. 
For spotlights, the basic light emission angles are 10° ('spot'), 
30° ('highlight') and 90°('flood'). The angle of the light cone 
can be varied by passing the light through lenses (sculptured 
lenses, Fresnel lenses), and the spectrum of the light can be 
varied using UV and IR filters and colour filters. Shading can 
be arranged by means of louvres and anti-glare flaps. 
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LIGHTING: ARRANGEMENT 






" 3 ^ Downlight/wall floodlight, 
separation between lights: 
b = 1 - 1 .5a 



© 


Downlight, separation 
between lights: b - 2 a 






© 


Angle of inclination of 
directional spotlights and 
floodlights: u = 30°-40 o 
(optimum) 


.> .. J. 





I \ 


L< 


© 


> 

30°-40° 

Angle of inclination of 
spotlights illuminating 
objects and walls: u = 
30°-40° (optimum) 




(10) Shading angle ( = 30740750°) 


Geometry of Lighting Arrangements 

The spacing between light fittings and between the light 
fittings and the walls depends on the height of the room 

■*©-©■ 

The preferred incidence at which light strikes objects and 
wall areas is between 30° (optimum) and 40° »(§)-(§). 

The shading angle of downward lighting lies between 
30° (wide-angle lighting, adequate glare control) and 50° 
(narrow-angle lighting, high glare control) - ©, and 
between 30° and 40° in the case of louvred lighting. 


20 lx 

necessary for the recognition of critical features. 20 lx is the 
minimum value of horizontal illuminance for internal areas, except 
work areas 

200 lx 

work areas appear dull with illuminance E < 200 lx, therefore 200 lx is 
the minimum value of illuminance for continually occupied work 
areas 

2000 lx 

2000 lx is recommended as the optimum illuminance for work areas 


the lowest perceptible change in illuminance is by factor of 1.5; 
therefore, the gradation of nominal illuminance levels for internal 
areas is: 

20, 30, 50, 75, 100, 150, 200, 300, 500, 750, 1000, 1500, 2000 etc. 


J l) Range of illuminance values for internal areas 


recommended 

illuminance 

area/activity 

20 

30 

50 

paths and work areas in the open air 

50 

100 

150 

for orientation in rooms for short-stay periods 

100 

150 

200 

for work areas not in constant use 

200 

300 

500 

for visual tasks of little difficulty 

300 

500 

750 

for visual tasks of moderate difficulty 

500 

750 

1000 

for visual tasks with higher demands, e.g. office work 

750 

1000 

1500 

for visual tasks of great difficulty, e.g. fine assembly work 

1000 

1500 

2000 

for visual tasks of considerable difficulty, e g. inspection 

over 2000 


additional lighting for difficult and special visual tasks 


© 


Recommended illuminance values in accordance with CIE 
(Commission International de I'Ectairage) 


identifying letters: IP 

example IP 44 

first identifying digit 0-6 

degree of protection against contact and foreign bodies 

second identifying digit 0-8 

degree of protection against ingress of water 







first 

area of protection 


fi rst 

area of protection 

digit 




digit 

0 

no protection 



0 

no protection 

1 

protection against large foreign 


1 

protection against vertical drops 


bodies (>50 m) 




of water 

2 

against medium-sized foreign 
bodies {>12 mm) 


2 

against drops of water at an 
incidence of up to 15 


. 



3 

against water splashing 

3 

against small foreign bodies 




{<2.5 mm) 



4 

against water spraying 

4 

against granular foreign bodies 


5 

against water jets 


(< 1 mm) 



6 

against ingress of water due to 
flooding 

5 

against dust deposits 



: 7 

against dipping in water 

6 

against entry of dust 



8 

against immersion in water 


(l3) Types of protection required for lighting 


stage 

index Ra 

typical areas of application 

1A 

> 90 

paint sampling, art galleries 

IB 

90 > RA > 80 

living accommodation, hotels, restaurants, offices, schools, 
hospitals, printing and textile industry 

2A 

2B 

80 > RA > 70 
70 > RA > 60 

industry 

3 

60 > RA > 40 

industrial and other areas with low demands for colour 
rendering 

4 

40 > RA > 20 

ditto 


14) Colour reproduction of lamps 
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LIGHTING: ARRANGEMENT 

Lighting Quality Characteristics 



^ Correct arrangement of tights in relation to work position: light 
^ from the side 


Any good lighting design must meet functional and 
ergonomic requirements while taking cost-effectiveness 
into account. In addition to the following quantitative 
quality criteria, there are qualitative, in particular 
architectural, criteria which must be observed. 

Level of illumination 

A mean level of between 300 lx {individual offices with 
daylight) and 750 lx {large rooms) is required in work areas. 
Higher illumination levels can be achieved in uniform 
general lighting through the addition of lighting at 
workplace positions. 



have matt surfaces 




critical incidence range 



Light direction > © 

Ideally, light should fall on a working position from the side. 
The prerequisite for this is a wing-shaped light distribution 
curve {p. 142). 

Limitation of glare -*©-( 3 ) 

Direct glare, reflected glare and reflections from monitor 
screens should all be limited. Limiting direct glare is 
achieved by using lights with shading angles > 30°. 

Limiting reflected glare is achieved by directing light 
from the side onto the working position, in conjunction with 
the use of matt surfaces on the surrounding areas. . @. 

Limiting reflections from monitor screens requires the 
correct positioning of the screen. Lighting which 
nevertheless still reflects on a screen must have a 
luminance of < 200 cd/m 2 in these areas. 

Distribution of luminance 

The harmonic distribution of luminance is the result of a 
careful balance of all the degrees of reflection in the room 
-> ©. Luminance due to indirect lighting must not exceed 
400 cd/m 2 . 

Colour of light and colour rendering 

The colour of the light is determined by the choice of lamp. 
A distinction is made between three types: warm white light 
{colour temperature under 3300K), neutral white light 
{3300-5000K) and white daylight {over 5000K). In offices, 
most light sources are chosen in the warm white or neutral 
white ranges. For colour rendering, which depends on the 
spectral composition of the light, stage 1 (very good colour 
rendering) should generally be sought. 

Calculation of point illuminance levels * © 

The illuminance levels (horizontal E h , vertical E v ), which are 
generated by individual light sources, can be determined 
from the luminous intensity and the spatial geometry 
(height h, distance d and light incidence angle a) using the 
photometric distance principle. 



reflection 
factor (%) 

reflection 
factor i° 0 ) 

lighting materials 




aluminium, pure, highly polished 80 to 87 

plaster, light 

40 to 45 

aluminium, anodised, matt 

80 to 85 

plaster, dark 

15 to 25 

aluminium, polished 

65 to 75 

sandstone 

20 to 40 

aluminium, matt 

55 to 76 

plywood, rough 

25 to 40 

aluminium coatings, matt 

55 to 56 

cement, concrete, rough 

20 to 30 

chrome, polished 

60 to 70 

brick, red, new 

10 to 15 

vitreous enamel, white 

65 to 75 

paints 


lacquer, pure white 

80 to 85 

white 

75 to 85 

copper, highly polished 

60 to 70 

light grey 

40 to 60 

brass, highly polished 

70 to 75 

medium grey 

25 to 35 

nickel, highly polished 

50 to 60 

dark grey 

10 to 15 

paper, white 

70 to 80 

light blue 

40 to 50 

silvered mirror, behind glass 

80 to 88 

dark blue 

15 to 20 

silver, highly polished 

90 to 92 

light green 

45 to 55 

other materials 


dark green 

15 to 20 

oak, light, polished 

25 to 35 

light yellow 

60 to 70 

oak, dark, polished 

10 to 15 

brown 

20 to 30 

granite 

20 to 25 

light red 

45 to 55 

limestone 

35 to 55 

dark red 

15 to 20 

marble, polished 

30 to 70 




6j Photometric distance principle 


7 j Reflection factors for various materials 























specific connected load P' W/m 2 for 
100ix for height 3 m, area ' 100m 2 
and reflection 0.7/0.5/0.2 

O A 


12 W/m 2 

6qT^ 


10 W/m 2 



5 W/m 2 

^TC 

S- 

5 W/m 2 

TC-L 

3E3 

4 W/m 2 

T26 


3 W/m 2 


Specific connected load P* 
for various lamp types 


| correction factor k j 

height 

area 

reflection factor j 

H 

A(m 2 } 

070502 

050201 

000 



bright 

medium 

dark 

up to 

20 

0.75 

0.65 

0.60 

3m 

50 

0.90 

0.80 

0.75 


> 100 

1.00 

0.90 

0.85 

3-5 m 

20 

0.55 

0.45 

0.40 


50 

0.75 

0.65 

0.60 


> 100 

0.90 

0.80 

0.75 

5-7 m 

50 

0.55 

0.45 

0.40 


> 100 

0.75 

0.65 

0.60 



• O 

° ffl * ffl o ° 

. O® .© 
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• ffl EB • 

• o • 

o 
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Calculation of illuminance 
for internal areas 


example 

room area A = 100 m 2 

room height H = 3 m 
reflection factor 0.5/0.2/0.1 

(medium reflection) 

type of light 

P* =. 4W/m 2 • (compact fluorescent lamp) 
P* = 9 • 45 W = 405W 
type of light 

P* = 12W/m 2 ■ (general purpose lamp) 

P* = 8 • 100 W = 800W 
type of light 

P' = 10W/m 2 * (halogen filament lamp) 

P* = 16 • 20W = 320W 
formula 

P _ ( 100-405 100*800 100-320. 

n “ 100-4 100-12 + lOO-IO'* 0 - 9 

E n = 180 lx 



4J Calculation for offices 


A = 24 m 2 
K = 0.75 

(bright reflection) 
P = 4 • 90 W = 360 W 


E n 


100-4- 90 
24.3 


-0.75 


= 375 lx 





Built-in louvred lighting 




6 ) Structured lighting 



fit_ —6 00 m 

T® 

-I- - 

11 | 2.50 m | ^ 

E 

8 


u f P 

n i <v 

■[--$--? J 

J| 


7 ) Built-in louvred lighting 



LIGHTING: REQUIREMENTS 

Calculation of mean illuminance 

In practice, it is often necessary to obtain an estimate of the 
mean intensity of illuminance (E n ) for a given level of 
electrical power supplied, or the electrical power P required 
for a given level of illumination. E n and P can be estimated 
from the formula in -> ®. The specific power P* required for 
this calculation depends on the type of lamps used > (T), 
and relates to direct illumination. The correction factor k 
depends on the size of the room and the reflection levels of 
the walls, ceiling and floor (§). 

If the calculation is to be made for rooms with different 
types of lighting, the components are calculated 
individually and then added together ®. 

Calculation of the illumination using the specific power 
is also applicable to offices. In the example, a rectangular 
room with an area of 24m 2 is equipped with 4 lights. From 
-> ®/ with 2 x 36W lamps (connected value, including 90W 
ballast), an illuminance of ca. 375 lx is achieved. 

In offices, in addition to conventional louvred mirror 
lighting, square louvred lighting with compact fluorescent 
lamps -> ®, or structured lighting _> <§), are frequently 
installed. Lighting structures use a combination of power 
supply rails to carry spotlights. 

Floodlighting buildings 

The luminous flux required for lamps used to floodlight a 
building can be calculated from the formula in -* ( 9 ). The 
luminance should be between 3cd/m 2 (free-standing 
objects) and 16cd/m 2 (objects in very bright surroundings). 


100-p 

a-p- * k 


p . E n -P-P* 1 
100 ’ k 

E u I 

inn k 

100 k 

E n nominal illuminance (lx) 

P connected load (W) 

P' specific connected load (W/m 2 ) (J) 

A room floor area 
k correction factor —» (2) 
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Formula for mean illuminance E n and connected load R 


calculation formula 
for luminous flux 

n -' L —* 

Hb 0 

luminance for a floodlit 


object 

(cdm 2 ) L 

free standing 

3 - 6.5 

dark surroundings 

6.5-10 

moderately bright 

10 -13 

surroundings 


very bright surroundings 

13 -16 

lighting efficiency factor 


object 

*1b 

large area 

0.4 

small area 


large distance 

0.3 

towers 

0.2 


<I> = luminous flux required 

L = mean luminance (cd/m 2 ) 

A = surface to be floodlit 

Hb = lighting efficiency factor 

0 = reflection factor for the material 

level of reflection from 


illuminated materials 

0 

brick, white vitrified 

0.85 

white marble 

0.6 

plaster, light 

0.3-0.5 

plaster, dark 

0.2-0.3 

light sandstone 

0.3-0.4 

dark sandstone 

0.1-0.2 

light brick 

0.3-0.4 

dark brick 

0.1-0.2 

light wood 

0.3-0.5 

granite 

0.1-0 2 


9j Luminous flux required for floodlighting 
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recommended lighting levels for working areas 

table of nominal levels of illuminance: standard values for working areas 


type of area (lx) 

type of activity 


general rooms: 


circulation zones in storage buildings 50 

storerooms 50 

storerooms with access requirements 100 

storerooms with reading requirements 200 

gangways in storage racking systems 20 

operating platforms 200 

dispatch areas 200 

canteens 200 

break rooms 100 

gymnasiums 300 

changing rooms 100 

washrooms 100 

toilet areas 100 

first-aid areas 500 

machinery rooms 100 

power supply installations 100 

postrooms 500 

telephone exchanges 300 


circulation zones in buildings: 


for persons 50 

for vehicles 100 

stairs 100 

loading ramps 100 


offices, administration rooms: 


offices with workstations near windows 300 

offices 500 

open-plan offices 

- high reflection 750 

- moderate reflection 1000 

technical drawing 750 

conference rooms 300 

reception rooms 100 

rooms for public use 200 

data processing 500 


chemical industry: 


facilities with remote controls 50 

facilities with manual operations 100 

continuously occupied technical processing 
facilities 200 

maintenance facilities 300 

laboratories 300 

work requiring a high degree of visual 
acuity 500 

colour testing 1000 


cement industry, ceramics, glass 
works: 

working positions or areas at furnaces, 


mixers, pulverising plant 200 

rollers, presses, forming operations 300 

glass blowing, grinding, etching, 
glass polishing, glass instrumentation 
manufacture 500 

decorative work 500 

hand grinding and engraving 750 

fine work 1000 


iron and steel works, rolling mills, 
large foundries: 


automated production facilities 50 

production facilities, manual work 100 

continuously occupied work positions 
in production facilities 200 

maintenance 300 

control stations 500 


type of area (lx) 

type of activity 


metal processing/working: 


forging of small components 200 

welding 300 

large/medium machining operations 300 

fine machining work 500 

control stations 750 

cold rolling mills 200 

wire drawing 300 

heavy sheet working 200 

light sheet working 300 

tool manufacture 500 

large assembly work 200 

medium assembly work 300 

fine assembly work 500 

drop forging 200 

foundries, cellars, etc. 50 

scaffolding, trestling 100 

sanding 200 

cleaning castings 200 

work positions at mixers 200 

casting houses 200 

emptying positions 200 

machine forming operations 200 

manual forming operations 300 

core making 300 

model construction 500 

galvanising 300 

painting 300 

control stations 750 

tool assembly, fine mechanics 1000 

motor body operations 500 

lacquering 750 

night-shift lacquering 1000 

upholstery 500 

inspection 750 


power stations: 


charging equipment 50 

boiler house 100 

pressure equalising chambers 200 

machine rooms 100 

adjoining rooms 50 

switchgear in buildings 100 

external switchgear 20 

control rooms 300 

inspection work 500 


electrical industry: 


manufacture of wire and cable, assembly 

work, winding thick wire 300 

assembly of telephone equipment, winding 

medium-thick wire 500 

assembly of fine components, adjustment 

and testing 1000 

assembly of fine electronic 

components 1500 

repair work 1500 


jewellery and watchmaking: 

manufacture of jewellery 1000 

preparation of precious stones 1500 

optical and watchmaking workshops 1500 


wood preparation and woodworking: 


steam treatment 100 

saw mills 200 

assembly 200 

selection of veneers, lacquers, model 
woodworking 500 

woodworking machinery 500 

wood finishing 500 

defect control 750 


type of area (!x) 

type of activity 


paper manufacture and processing, 
printing: 


pulp factory 200 

paper- and boardmaking machinery 300 

book-binding, wallpaper printing 300 

cutting, gilding, embossing, plate etching, 
work on blocks and plates, printing machines, 
stencil manufacture 500 

hand printing, paper sorting 750 

retouching, lithographies, hand and machine 
composition, finishing 1000 

colour proofing in multicolour 

printing 1500 

steel- and copper plate engraving 2000 


leather industry: 


vat operations 200 

skin preparation 300 

saddle making 500 

leather dyeing 750 

quality control, moderate demands 750 

quality control, high demands 1000 

quality control, extreme demands 1500 

colour inspection 1000 


textile manufacture and processing: 


work in dyeing vats 200 

spinning 300 

dyeing 300 

spinning, knitting, weaving 500 

sewing, material printing 750 

millinery 750 

trimming 1000 

quality control, colour check 1000 


foodstuffs industry: 


general work positions 200 

mixing, unpacking 300 

butchery, dairy work, milling 300 

cutting and sorting 300 

delicatessen, cigarette manufacture 500 

quality control, decoration, sorting 500 

laboratories 1000 


wholesale and retail trades: 

salerooms, continuously occupied 

work positions 300 

cashier's positions 500 


trades (general examples): 


paint shops 200 

pre-assembly of heating and ventilation 
equipment 200 

locksmiths 300 

garages 300 

joinery 300 

repair workshops 500 

radio and television workshops 500 


service operations: 


hotel and restaurant receptions 200 

kitchens 500 

dining rooms 200 

buffet 300 

lounges 300 

self-service restaurants 300 

laundries, washrooms 300 

ironing machines 300 

hand ironing 300 

sorting 300 

inspection 1000 

hairdressers 500 

beauty salons 750 
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Lattice diffuser designs: 

(T) Parallel lattice 

(2) Parallel slanting lattice 

(3) Diagonal lattice 

@ Diagonal slanting lattice 
(5) Arrangement of lamps a > 2/ 3 d 
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Directional 
permeability of 
clear glass, 
showing 
displacement of 
slanting 
radiation 


® 


Scattered 
permeability of 
frosted glass, 
alabaster, etc. 
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Mixed 

permeability of 
ornamental 
glass, silk, light 
frosted glass, 
etc. 


material 

scatter 

thick¬ 

ness 

(mm) 

reflec¬ 

tion 

(%) 

permea¬ 

bility 

(%) 

absorp¬ 

tion 

(%) 

clear glass 

none 

2-4 

6-8 

90 - 92 

2-4 

ornamental glass 

minimal 

3.2 - 5.9 

7-24 

57 - 90 

3-21 

clear glass, frosted outside 

minimal 

1.75-3.1 

7-20 

63 - 87 

4-17 

clear glass, frosted inside 

minimal 

1.75-3.1 

6-16 

77-89 

3-11 

frosted glass: group 1 

good 

1.7 - 3.6 

40 - 66 

12 - 38 

20 - 31 

group 2 

good 

1.7 - 2.5 

43-54 

37 - 51 

6-11 

group 3 

good 

1.4 -3.5 

65-78 

13-35 

4-11 

plated frosted glass: group 1 

good 

1.9 - 2.9 

31 - 45 

47-66 

3-10 

group 2 

frosted glass, colour-plated 

good 

2.8 - 3.3 

54 - 67 

27-35 

8-11 

red 


2-3 

64-69 

2-4 

29-34 

orange 


2-3 

63 - 68 

6-10 

22 - 31 

green 


2-3 

60 - 66 

3-9 

30 - 31 

opaline glass 

minimal 

2.2 - 2.5 

13 - 28 

58 - 84 

2-14 

porcelain 

good 

3.0 

72 - 77 

2-8 

2-21 

marble, polished 

good 

7.3 - 10 

30-71 

3-8 

24 65 

marble, impregnated 

good 

3-5 

27 - 54 

12 - 40 

11-49 

alabaster 

good 

11.2- 13.4 

49-67 

17 - 30 

14 - 21 

cardboard, impregnated 

good 


69 

8 

23 

parchment, uncoloured 

good 


48 

42 

10 

parchment, light yellow 

good 


37 

41 

22 

parchment, dark yellow 

good 


36 

14 

50 

silk, white 

moderate 


28-38 

61 - 71 

1 

silk, coloured 

moderate 


5-24 

13-54 

27-80 

cotton lining 

good 


rd.68 

rd.28 

rd.4 

Formica, tinted 

good 

1.1 -2.8 

32 - 39 

20 - 36 

26 - 48 

Poltopas, light colour 

good 

1.2- 1.6 

46 - 48 

25-33 

21 -28 

Perspex, white (frosted) 

good 

1.0 

55 

17 

28 

Perspex, yellow (frosted) 

good 

1.0 

36 

9 

55 

Perspex, blue (frosted) 

good 

1.0 

12 

4 

84 

Perspex, green (frosted) 

good 

1.0 

12 

4 

84 

mirror glass (plate) 


6-8 

8 

88 

4 

wire-reinforced glass 


6-8 

9 

74 

17 

crude glass 


4 6 

8 

88 

4 

insulating glass (green) 


2 

6 

38 

56 
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Relevant characteristics of materials permeable to light 


LIGHTING: REQUIREMENTS 

Fluorescent Tubes for Advertising Displays 

Every type of text and arbitrary line styles can be 
reproduced using fluorescent tubes, including ornamental 
and figured representations. Control is simple using 
rheostats or regulating transformers. Fluorescent tubes are 
commonly used for cinemas, theatres, sales advertising and 
publicity. In offices and businesses, louvred or gridded 
ceilings may be installed under fluorescent tubes to provide 
predominantly downward lighting ®-(§). 

Strip-lights and elongated lighting panels allow soft 
uniform lighting to be achieved, which approximates 
daylight and has shadow effects. 

High-pressure mercury vapour lamps with fluorescent 
gas are used for the illumination of factories and workshops 
as well as for external lighting. 

Mixed-light lamps with fluorescent gas produce light 
similar to daylight, with good colour reproduction. These 
lamps have standard fittings, without a ballast device (e.g. 
general-purpose lamps). 


Transparent and Translucent Materials 

In determining the size, colour, window dimensions and 
lighting of a room, a knowledge of the translucence, scatter 
and reflected radiation of the materials to be used in the 
room is required. This is particularly important for effective 
artistic and economic design. 

A distinction is made between materials which reflect 
light -4 ® with direct, totally scattered or partially scattered 
return radiation, and translucent materials with direct -* ® 
scattered -> ( 7 ) or mixed translucence -► ®, 

Note: Frosted glass with inside surface frosting (preferred 
owing to fewer soiling problems) absorbs less light than the 
same glass with external surface frosting -> ( 9 ). 

Coloured silk lampshades with white linings which 
minimally reduce translucence absorb around 20% less 
light than those without linings and with greater 
translucence. 

Daylight glass which filters electric light to simulate 
sunlight absorbs approximately 35% of the total light. Glass 
which comes close to copying the scattered light of the sky 
must absorb 60-80%. 

Clear window glass is translucent to between 65 and 
95% of light. If poor-quality clear glass is used, particularly 
in the case of double or triple glazing, so much light is 
absorbed that it is necessary to increase the window size. 
This increase is not compensated for by the improved 
thermal insulation of the multi-paned window assembly. 

Sheet glass is made mechanically, and is ready for use 
without further processing. It is a clear, transparent glass 
which is colourless and uniformly thick. Both sides have 
even plane surfaces, and its transparency to light is 91-93%. 

Classification: Type 1: Best commercial quality product 
for rooms (living accommodation, 
offices). 

Type 2: Structural glass for factories, 
storerooms, cellars and glass floors. 

Glass of one type only should be used for glazed items 
which are sited next to each other. Such applications 
include window glazing, shop windows, doors, dividing 
walls, furniture construction, laminated safety glass and 
double-glazing units. Further processing might entail 
polishing, etching, frosting, stoving, silvering, painting, 
bending or arching. Special-purpose glass, such as silvered 
glass, dry plate glass, glass for automobiles and safety 
glass, is made in all thicknesses (-> pp. 166-173). 
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ijl Spectrum of electromagnetic radiation 

21 March equinox 
23.5° 
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Seasons of the year, northern hemisphere 
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Azimuth (u s ) 



(J) Angle of elevation (y s ) 


General requirements for daylight illumination of internal 
areas 

All rooms which are to be used for permanent occupation 
must be provided with adequate natural light. In addition, 
appropriate visual links with the outside world must be 
safeguarded. 

Light, wavelength, light colour 

Within the electromagnetic spectrum » (T), visible light 
occupies a relatively small band, namely 380-780nm. Light 
(daylight and artificial light) is the visible band of 
electromagnetic radiation between ultra-violet and infra¬ 
red. The spectral colours which occur in this range each 
have corresponding wavelengths, e.g. violet is short wave 
and red is long wave. Sunlight contains relatively more 
short-wave radiation than a filament lamp, which has more 
long-wave radiation, i.e. a greater red light component. 
However, daylight is perceived by the human eye as being 
white, apart from at sunrise and sunset, when it appears 
red. 

The unit of measurement for illuminance (particularly 
artificial light) is the lux (lx). The level of daylight in rooms 
is given as a percentage (see later). 

Astronomical fundamentals: position of the sun 

The radiation and light sources which give rise to daylight 
are not constant. The sun is the 'primary light source' of 
daylight -4 (2) whatever the condition of the sky. The axis of 
inclination of the Earth (23.5°), the daily rotation of the Earth 
around its own axis and the rotation of the Earth around the 
sun over a period of 1 year determine the position of the 
sun as a function of the time of year and the day for each 
point on the surface of the Earth -> 

The position of the Earth is defined by two angles: the 
azimuth, a s , and the angle of elevation, y s . On a plan view * 
®, the azimuth is the horizontal deviation of the position of 
the sun from 0°, where 0° = north, 90° = east, 180° = south 
and 270° = west as seen by the observer. On a vertical 
projection -4 (4), the angle of elevation is the position of the 
sun over the horizon as seen by the observer. 

A number of measuring methods are used to determine 
the position of the sun at a given location, for example 
determination of the degree of latitude and the angle of 
elevation. 

The declination of the sun during the annual cycle results 
in four main seasons in the year. The equinoxes are on 21 
March and 23 September; this is when the declination of the 
sun is 0°. The winter solstice occurs on 21 December (the 
shortest day), when the declination of the sun is -23.5°; the 
summer solstice occurs on 21 June (the longest day), when 
the declination of the sun is +23.5° (see next page, (5)). 

The position of the sun is given by the degree of latitude. 
On 21 March and 23 September, at 12.00 (a s = 180°), the 
zenith angle of the sun at any latitude is of the same 
magnitude as the angle of latitude. For example, at 51° 
north (Brighton), the zenith angle at 12.00 (oc s = 180°) is 51° 
(see next page, -4 (§)). The angle of elevation of the sun 
above the horizontal is 90° - 51° = 39°. 

On 21 June, at midday, 12.00 (a s = 180°), the sun is 23.5° 
higher than on 21 March and 23 September: 39° + 23.5' = 
62.5°. On the other hand, on 21 December the sun is 
23.5° lower than at the equinox: 39° - 23.5° = 15.5°. These 
deviations are the same for all degrees of latitude. 

Thus, the angle of elevation of the sun, corresponding to 
the time of year, can be determined for all degrees of 
latitude. 
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'y'N Solar azimuth u 8 and solar elevation y 9 at SI* latitude (English 
south coast: Southampton, Brighton) as a function of time of 
year and time of day 
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Solar position diagrams 

An example is shown of a solar position diagram for 51°N 
-» ©. The diagram shows the plan projection of the position 
of the sun, in terms of azimuth and elevation, at true local 
time, e.g. for Brighton on 23 September, sunrise is at 6.00 at 

<Xg 00 ° (ooot); o n tho oomo dote ot 12 . 00 , txg — 1 00 ° (oouth) 

and the elevation angle is 39°; sunset is at 18.00, a s = 270°, 
on the same day. 

To determine the local course of the sun, a coloured 
solar position chart is used > ®. The chart contains the 
plan projection of the azimuth a s and the angle of elevation 
y s of the sun as a function of time of year and time of day 
for the appropriate angle of latitude and reference 
meridian. 

In order to determine the position of the sun, loop¬ 
shaped curves are given for each hour of the day. In these, 
violet is used for the first half of the year and green for the 
second. The looped shape of the hourly curves is 
attributable to the elliptical path of the Earth and the 
inclination of the ecliptic. The times shown relate to the 
given time reference meridian, i.e. to the time zone of the 
location in question. 

The intersection points of the daily curves with hourly 
curves of the same colour mark the position of the sun at 
any hour of the day. On the orange coloured polar diagram, 
the position of the sun can be read off as an angle of 
direction of the sun (azimuth) and angle of elevation of the 
sun (height) (§). 

Projection of the solar path 

By using a stereographic projection -> (9), the path of the sun 
can be determined for each degree of latitude (for the 21st 
day of each month) as a function of time of year and time of 
day. 

Solar position, clock time and determination of time 

The position of the sun determines the daylight conditions 
according to the time of day and time of year. The true 
local time (TLT) is the usual reference for time of day (e.g. 
in the solar position charts) in determining daylight. Each 
location is allocated to a time zone, within which the same 
time (zone time) applies. If the time zone input is of 
interest, then the TLT must be converted to the 
appropriate time zone. 
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Solar position chart for latitude 49°52'N, longitude 8°39\ 
time reference meridian: longitude 15°00' 
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Stereographic projection of the path of the sun, e.g. for latitude 
51° on 21 March and on 23 September: sunrise at 6.00, sunset 
at 18.00, y 8 = 39° at 12.00 
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Position of the sun: shadows, methods employed 

The following methods are employed to determine and 
verify the actual solar radiation and shadow, both inside 
and outside buildings, as a function of geographical 
location, time of year and time of day, structural features 
and surrounding conditions. 

Graphical construction of shadows. Determination of the 
shadows cast by a building can be accomplished using the 
projected (apparent) course of the sun, represented in -»(9) 
(see previous page), by means of a plan and an elevation. 
As an example, the shadows in a courtyard in Brighton, 
latitude 51°N, will be constructed for 21 March, at 16.00. The 
sun appears at this time at an azimuth angle (a s1 ) of 245° 
and an elevation (y sl ) of 20° ->(9) + ®. The positional plan is 
orientated with the north. The directions of the shadows are 
determined by the horizontal edges of the building, that is, 
a parallel shift of the direction of the sunshine {a sl = 245°) 
due to the corners of the building. The length of the shadow 
is determined by the vertical edges of the building, that is, 
a rotation of the true height of the building (h) and 
application of the elevation angle of 20°. The point of 
intersection with the direction of the shadow gives the 
length of the shadow. 

Panorama mask. In many countries, a representation of the 
path of the sun is available for various geographical areas. 
These representations are printed on clear film, and include 
data on azimuth and elevation angles, as well as time of 
year and time of day. In use, a copy of the relevant sheet is 
bent in a curve and positioned in the direction of the sun 
» (H). By looking through the panorama mask, any 
encroachment of shadows from the surroundings and from 
overhead shadows is transferred to the printed path of the 
sun, on a scale of 1:1 » The film can then be used to 
analyse the occurrence of shadows and sunshine on 
fagades and on sections of buildings to the correct scale. 

Horizontoscope. The horizontoscope is an aid to 
determining the true conditions of sunshine and shadow on 
building sites and on and in buildings. The horizontoscope 
consists of a transparent dome, a compass, the base and 
exchangeable curved sheets which are placed on the base, 
according to the task in hand, to investigate light, radiation 
or heat, etc. 

The purpose of the horizontoscope is to construct the 
light and shade conditions which exist in a room, e.g. -* @. 
At a particular point in the room, the opening for incident 
light can be assessed by means of a window cut-out 
projected on the dome and at the same time on the curved 
sheet underneath. It is therefore possible to determine both 
the radiation conditions and light effects in the room for 
each point in the room, and for any time of day and time of 
year, depending on the alignment of the building -> <Q). 

Model simulation. In order to simulate and establish 
accurate annua! shadow and solar radiation effects in and on 
a building, it is possible to construct a true-to-scale model 
and to test it under an artificial sun (parallel light) > ®. 



(14) Artificial sun model 
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vl' 1 intensity J of solar radiation at the limit 
of the Earth's atmosphere as a function 
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from reflection, scatter and absorption 
of radiation due to the water vapour, 
carbon dioxide and ozone in the air, as 
well as dust particles 
y 2' intensity J of the solar radiation that 
reaches the Earth 
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Different intensities of 
radiation and varying 
quality of daylight in 


ClT) 


various weather conditions 


Meteorological features 

The radiation of heat and the intensity of the sunlight on the 
surface of the Earth over the course of the year are 
determined by the geographical latitude, the weather and 
the varying conditions of the sky (clear, clouded, dull, partly 
clouded, etc.). 

The facts given below are important with regard to our 
typical patterns of daylight and sunshine duration. 

There are 8760h in a year. The duration of 'bright 
daylight' during the course of a year amounts to around 
4300 h on average. 

The number of hours of sunshine per year varies from 
one country to another. Even within the same country it 
may vary from one location to another. The majority of 
these hours of sunshine usually occur during summer. 

Over most of the year, that is, during 2 /3 of the daylight 
hours, the sunlight that reaches the Earth is scattered to a 
greater or lesser degree owing to the local weather 
conditions. 

The direct and indirect solar radiation (global radiation) 
which reaches the surface of the Earth produces a locally 
varying climate on the surface and in its near vicinity (see > 
©)■ The periods of sunshine are considered in units of 
tenths of hours. The data represent only the macro-climate; 
local variations in the micro-climate are not accounted for. 
Climatic data relating to a specific location (temperature, 
sunshine duration, sky conditions etc.) can be obtained, for 
example, from the Meteorological Office in Bracknell, UK. 

During 'bright daylight hours', varying intensities of 
solar radiation are received on the surface, depending on 
the geographical latitude and the weather conditions, as are 
varying qualities of daylight -> @. 

Physical basis of radiation 

Solar radiation is a very inconstant source of heat. Only a 
small proportion of the solar energy radiated toward the 
Earth is transferred to the surface of the Earth as heat 
energy. This is because the Earth's atmosphere diminishes 
the solar radiation and does not permit a uniform intensity 
to penetrate to the surface. 

This reduction essentially occurs because of various 
turbidity factors, such as scatter, reflection and absorption 
of the radiation by dust and haze (the cause of diffuse 
daylight), and also because of the water vapour, carbon 
dioxide and ozone in the air. 

The total energy of solar radiation reaching the Earth is 
transmitted in the wavelength range 0.2-3.0pm. 
Distribution of the total energy on the Earth's surface is as 
follows: approximately 3% ultra-violet radiation in the 
wavelength range 0.2-0.38pm; approximately 44% visible 
radiation in the wavelength range 0.38-0.78pm (the 
maximum lies at 0.5pm in the visible light range); 
approximately 53% infra-red radiation in the wavelength 
range 0.78-3.0pm. 

The chart shown in -» @ represents the solar radiation 
which reaches the Earth. This is the solar constant, and has 
a value in our region of approximately 1000W/m 2 on an 
illuminated vertical surface. 

The radiation power is reduced by very thick cloud to 
approximately 200W/m 2 , and in the case of only diffuse 
radiation (a cloudy sky with the sun completely obscured) 
to approx. 50-200 W/m 2 (see > @). 
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(T) internal building surfaces which can 
receive direct incident solar radiation 
from winter to summer 


(2) optimum inclination of solar cells for 
global radiation used throughout the 
year ■ @ @ 


(18) Optimum angles of inclination for south-facing surfaces 



(^9) Horizontal irradiances due to the sun E eS and the (cloudless) sky 
E sH , with various turbidities T L , as a function of the elevation of 
the sun y # 



surfaces at various positions of the sun during the day. The 
level of incident radiation on a surface depends on the angle of 
that radiation (yx). 
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Examples of radiation intensity on vertical surfaces facing in 
various directions on cloudless days in winter (Dec.) and 
summer (June) 


DAYLIGHT 

Global Radiation 

The effective solar radiation on a building (on the surfaces 
which are aligned with the direction of radiation at the time) 
is referred to as the global radiation E eg . This is the sum of 
the 'direct' and 'diffuse' solar radiation (conditioned by the 
Earth's atmosphere and due to the scattered radiation 
caused by the varying conditions of the sky), given in W/m 2 
or in Wh/m 2 per month or per day or per year. In the case of 
diffuse and direct radiation, the component of the radiation 
which is reflected from neighbouring buildings, roads and 
bordering surfaces, for example, must be taken into 
account (particularly when such reflections are strong). 

Global radiation can be employed as a source of heat, 
directly for 'passive use' through structural measures {e.g. 
glass surfaces to utilise the greenhouse effect or internal 
heat storage walls) -* ®, or indirectly by 'active use' (e.g. 
using collectors, solar cells) -> ® for the energy 
requirements of a building. Also, the proportion of global 
radiation received directly determines the effective heating 
influence of the sun on the cooling load, which has to be 
calculated in the layout of heating and ventilation systems 
for each type of building. 

The necessary global radiation on buildings and 
collector surfaces for the utilisation of solar energy must be 
determined. This is related to the location of the building, 
and can be obtained as an energy parameter. 

® shows the horizontal irradiance in W/m 2 due to the 
sun E eS and the sky E eH as a function of the elevation of the 
sun for clear skies. The horizontal global irradiance E eg is 
the sum of the components generated by the sun E eS and 
the sky E eH . 

Application: In order to be able to determine the actual 
amount of solar energy to be used, the contributions must 
be presented as functions of the inclination and, if 
necessary, the orientation of the surfaces of the building, 
corresponding to •-» The horizontal irradiance can be 
obtained from 

© shows the reduction of the incident level of solar 
radiation as a consequence of the different inclinations 
(0-90°) and orientations. 

In the case of a vertical surface, only about 50% of the 
annua! horizontal global irradiance can be utilised. 

The quantity of radiation incident on a vertical, but 
differently orientated, surface under a cloudless sky can be 
read off the graphs in @, at least for the highest and 
lowest positions of the sun. 


Passive and active solar systems 

The energy requirement for a building in northern Europe 
during the 8-month period of heating in winter is relatively 
high in comparison to that required during the months from 
May to August. During the months of September and April, 
although the global radiation component is not very 
intensive (see -» @), part of the energy requirement of a 
building (heating, domestic water, ventilation etc.) can be 
covered by the use of the thermal energy of the 
surroundings, which again places emphasis on the problem 
of long-term storage. 

(n the application of solar energy, a distinction is made 
between two main systems according to their principle of 
operation: active or passive. 
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Heating requirement and 
sunshine duration 




1 heat acquisition, e g. collectors 
medium - 


* 4 


e 

U 


closed 

loop 


2 heat exchanger 




gaseous 


closed 

loop 


3 heat output 


liquid 
►medium J 


Heat cascade, active 
system 



glazing 

g 

double glazing in clear glass 

0.8 

triple glazing in clear glass 

0.7 

glass blocks 

0.6 

multiple glazing with special 

0.2- 

glass {thermal insulating 
glass/solar control glass) 

0.8 


/ 2 ^\ Total energy transmission factor 
y g of various glazing types 


slot 

1 

2 3 

item 

internal 

construction 

type 

recommended 
maximum value {gf •*. f) 

increased 

natural 

ventilation 

not 

available 

increased 

natural 

ventilation 

available 

1 

light 

0.12 

0.17 

2 

robust 

0.14 

0.25 
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Recommended maximum 
values (gf x f) as a function 
of natural ventilation 
alternatives 


east 

horizontal section 

( 2 g\ Arrangement for 
^ sunshields, loggias, 

window blinds or similar 


solar protection device 

g 

no solar protection device 

1.0 

inside and between the 
panes 

fabrics or films 

0.4-0.7 

Venetian blinds 

0.5 

outside 

Venetian blinds, rotatable 
slats, rear ventilated 

0.25 

Venetian blinds, roller 
shutters, shutters, fixed or 
rotatable slats 

0.3 

roof panels, loggia 

0.3 

window blinds, ventilated 
from above and from sides 

0.4 

window blinds, general 

0.5 


Reduction factor z of solar 
' protection devices in 
association with glazing 
types 



|J ^ 50° 



P g 85° 


south 

vertical section 
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Heat reduction through solar protection with simultaneous 
cooling by means of passive precautions (e.g. office buildings 
without air conditioning) 


Active systems are those in which the heat gain and heat output 
processes are driven by equipment installed in the building. They are 
also referred to as indirect systems, since the heat output occurs after 
the conversion processes. The operating principle of an active 
system is represented in -> @ as a heat cascade. The heat gain can 
be achieved by means of solar collectors or something similar. 

In passive systems, the solar energy is used directly'. This 
means that where the form of the building, the material, the type of 
construction and the individual components are suitable, the 
incident solar radiation is converted into heat energy, stored and 
then given out directly to the building. 

Four physical processes which are important to the heat gain, 
conversion and output are described below. 

(1) Thermal conduction -> @), (J) 

When a material absorbs solar radiation, this energy is converted 
into heat. Heat flow is caused by a temperature difference, and is 
also dependent on the specific thermal capacity of the material 
concerned. For example, if the temperature of the surroundings is 
lower than that of a heated wall, then the 'stored' heat energy is 
transferred to the surroundings. 

(2) Convection > @, (2) 

A wall or other material heated by solar radiation gives back the 
available energy to the surroundings, according to the temperature 
difference. The greater the temperature difference between wall and 
surroundings, the greater the amount of heat given up. Air that is 
heated in this process will rise. 

{3) Thermal radiation -> (3) 

Short-wave solar radiation is converted into long-wave (infra¬ 
red) radiation on the surface of the material. The radiation is emitted 
in all directions, and is dependent on the surface temperature of the 
materials. 

{4} Collectors > @), (4) 

Sunlight penetrates glass surfaces which are orientated towards 
the south. Solar radiation converted inside the room (long-wave 
radiation) cannot pass back through the glass, and thus the inside of 
the room is heated (greenhouse effect) (4). 

In any application of the systems described above, account must 
be taken of storage, controllability and distribution within the 
building. 

Summertime thermal insulation 

Summertime thermal insulation is recommended for transparent 
fagades in buildings with natural ventilation in order to avoid the 
possibility of overheating. The recommendations are as follows: The 
product of the total energy transmission factor (g) ( -> @) x the solar 
protection factor (z) ( * @) x the window surface component (f) on 
the fagade, i.e. g x z x f, should have a value of 0.14-0.25 for strongly 
constructed buildings, and a value of 0.12-0.17 for those of lighter 
structure (see -> <§». 

Extensive solar shading precautions -> @ should be critically 
evaluated, since wide-ranging visual effects may result and the view 
may be permanently impaired -> @. 

The interplay of natural surroundings, physical laws and the 
development of constructional styles in specific materials means 
that each case requires accurate, individual analysis > <§). 

Explanation of Figure @ 

Outside and fagade -> (T) 

• Shadows and cooling due to vegetation (trees, shrubbery, 
etc.) 

• Light-coloured pathway (width approx. 1 m), e.g. pebbles, in 
front of the house 

• Sun or anti-glare protection (b = 35°) installed, extent approx. 
900 mm 

• Fagade in bright reflecting materials (pastel colours) 

• Adequate window size (with insulating glass) for incident 
light and heat, with white internal frames 

Inside -> @ 

• Consideration for house plants, if present 

• Light- or medium-coloured floor covering 

• Flexible heating system (a combination of air and hot water) 

• Light-coloured curtains as anti-glare protection to diffuse 
direct solar radiation (particularly during transition periods) 

• Light matt colours (pastel and natural colours for furniture) 
on surrounding areas, particularly the ceiling 

• Cross-ventilation via tilting flaps 

• Simple mechanical ventilation, if required 
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Daylight ratio with side lighting, showing the reference plane 
and the variation in daylight in the internal area 
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daylight ratios required in living rooms 
and workrooms 
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Required daylight ratios in living and work rooms 


internal 
illuminance 
Ei <Ix) 

external 

Ea 

5000 

illuminance 

(lx) 

10000 

200 

4.0% 

2.0% 

500 

10.0% 

5.0% 

700 

14% 

7.0% 


1 Required daylight ratios for 

satisfactory internal area illuminance 
at various levels of illuminance from 
a clouded sky <D = Ei/Ea * 100%) 


external 

illuminance 

Ea (lx) 

internal 

illuminance 

Ei (lx) 

5000 

50 

10000 

100 


2 Anticipated internal area illuminance 
at EP, at various levels of illuminance 
from a clouded sky, with D = 1% (Ei = 
D x Ea/100%) 


(34) Internal area illuminance 


The measurement and evaluation of daylight in internal 
areas with light admission from the sides and above. 

The daylight in internal areas can be evaluated according 
to the following quality criteria: illuminance and brightness; 
uniformity; glare; shadow. 

Basis: In evaluating daylight in internal areas, the 
illuminance of a clouded sky (i.e. diffuse radiation) is taken 
as the basis. Daylight admitted to an internal area through 
a side window is measured by the daylight factor D. This is 
the ratio of the illuminance of the internal area (Ei) to the 
prevailing external illuminance (Ea), where D = Ei/(Ea x 
100)%. Daylight in internal areas is always given as a 
percentage. For example, when the illuminance of the 
internal area is 500 lx and the external illuminance is 5000 
lx, then D = 10%. 

The daylight factor always remains constant. The 
illuminance of an internal area varies only in proportion to 
the external illuminance prevailing at the time. The external 
illuminance of a clouded sky varies from 5000 lx in winter to 
20000 lx in summer ■> ®, and depends on the time of year 
and the time of day. 

The daylight factor at a point P -> @ is influenced by 
many factors. D = (DH + DV + DR) x t x kl x k2 x k3, where 
DH is the component of light from the sky, DV is the effect 
due to neighbouring buildings, DR is the contribution from 
internal reflections, and the following reduction factors are 
taken into consideration: t, the light transmission factor for 
the glass; kl, the scatter effects due to the construction of 
the window; k2, the scatter effects due to the type of 
glazing; k3, the effects of the angle of incidence of the 
daylight. 

The reference plane for the horizontal illuminance of 
daylight in an internal area is as shown in -> It can be 
taken as 0.85 m above floor level, and is separated from the 
walls of the room by 1 m. The points EP used for the 
horizontal illuminance are fixed on this reference plane. The 
corresponding (to be determined) daylight factors can then 
be represented in the form of a daylight factor curve > 

The shape of the curve on the section provides information 
about the horizontal illuminance on the reference plane (at 
the corresponding points), and then Dmin and Dmax can be 
established (see also uniformity). The curve of the daylight 
factor also provides information on the variation of daylight 
in the room. 

Required daylight factors D%. The relevant, currently 
valid requirements are laid down in regulations relating to 
daylight in internal areas and in the guidelines for work 
areas. Since no other relevant data are available at present, 
the required variation in daylight can be determined and 
checked from the uniformity (see later). 

On the assumption that living rooms are comparable in 
terms of their dimensions with work rooms, the following 
values for the required daylight factors should be adhered 
to: 

Dmin > 1% in living rooms, reference point the centre of 

the room -»{§>; 

Dmin > 1% in workrooms, reference point the lowest 

position in the room -> @; 

Dmin > 2% in workrooms with windows on two sides; 

Dmin > 2% in workrooms with light coming from above, 

with the minimum mean daylight factor (Dm) > 4%. 
Note: With side windows, the associated maximum daylight 
factor should be at least six times greater than the 
minimum requirement, and in the case of light from above 
in workrooms, Dm should be twice as large as Dmin. 
Several examples for different internal area illuminance 
requirements as a function of external illuminance are 
shown in -»<g). 
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('lb) Vsrious daylight patterns in an internal area with different 
vertical window positions 



window width (ww) <m) 
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3.00 m 

window height hF - 

1.35 m 


1.85 m 

room depth t - 

| 5m 

1 7m 1 


| 5m 

FH 

room width b -- 

influence of | 






adjacent building I 5 1 

2.75 

2.75 

5 


2.75 

2.75 

tzj 1 

3.85 

3.85 

| 7 

1 

3.85 

3.85 

[~5~| 

| 2.75 

4.46 

rr~ 

) 

1 2.75 

2.75 

«-2o u [T] | 

3.85 

6.07 

1 7 

I 

3.85 

3.85 

.0. PI 1 

3.69 

- 

pH 


2.75 

3.85 

u - 30° [ 7 | [ 

5.07 

- 

UJ 


3.85 

5.18 


(37) Determ 'nation of the required window widths (ww) with different 
room dimensions and interference from various adjacent building 
(extract) y 




living rooms 

workrooms | 

c • 2.20 m 
h B v 0.90 m 
b f - 0.55 * b 
minimum 
requirement 

as for living 
rooms, if: 
h - 2.50 m 
t <■ 6.0 m 

A ^ 50 m* 

with h < 3.50 m 
window area 
> 30% of 
b x h 

with h > 3.50 m 
c - h B > 1.30 m 
h B < 0.90 m 
b F > 0.55 * b 


Brightness, window sizes and visual links 

The position, size and type of windows essentially 
determine the pattern of daylight in an internal area -> 
The appropriate window sizes for living and work rooms of 
various dimensions are defined in -> The following 
conditions provide the basis for these calculations for living 
rooms: 

• D^ = 0.9 at the centre of a living room and at the 
lowest point in a workroom, 

• width of window = 0.55 x room width, 

• clouded sky, 

• reflection from the wall = 0.6, 

• reflection from the ceiling = 0.7, 

• reflection from the floor = 0.2, 

• light losses from the glass = 0.75, 

• light losses from window-frame scatter kl = 0.75, 

• light losses from contamination k2 = 0.95, 
reflected light from neighbouring buildings Dv = 0.2, 
angle of light reflected from neighbouring buildings a 
= 0-50° (see -> © + @). 

Note. This applies by analogy to workrooms when their 
dimensions correspond to those of living rooms: 

• room height (h) < 3.50m, 

• room depth (t) < 6m, 

• room area (A) < 50m 2 . 

Visual links with the outside also demand the requisite 
window dimensions for living rooms and workrooms. 
Minimum recommended requirements are summarised in 
-> © and -> ©. These recommendations contain the 
following points: 

limiting clearances and clearance areas for the 
relevant building heights must be maintained, 

• visual link with the outside is a requirement for all 
accommodation; 

• as a rule, a window size of approx. Vs-Vio of the 
usable room area must be provided for living rooms. 

Among other factors in the town planning interpretation of 
building instructions and standards, incident light, building 
separation, the external aspects of neighbouring buildings 
and window design all have to be taken into account _> ©. 
For example, a building separation of B = 2H {> 27°) is the 
desired value. This results in an aperture angle of > 4° 
(limited by building geometry and neighbouring buildings) 
to achieve the minimum level of daylight in rooms. 

Newly developed town planning schemes should be 
carefully checked for the quality of light in internal areas 
since, in general, the building regulations and standards 
only set minimum requirements. 

It is advisable to carry out a visual inspection of the 
designs to check the expected appearance of internal and 
external areas, either in model form, under an artificial sun 
and artificial sky, or using an endoscope device. 


(38) Recommended visual links with outside 



b ( 0.55 • b 

Mil -0.1-A/m* 
b, • h f 0.3 • A f 
0.16 ♦ A 

b ( * hf .'iiv' 0.07 • A • h/m ;j 
window requirements in living rooms 

<§) Summary of visual links 



fort' 5m F ' 1.25m* 
for t > 5m F ' 1.5m* 
t’F = 0.1 • A for A 600 m* 
t'F = 60 ± 0.01 A for A > 600 m* 

required window sizes in workrooms 

window sizes 


with outside and 
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type of 
work 

daylight, 

D% 

coarse 

1.33 

moder 

ately 

fine 

2.66 

very 

fine 

5.00 

fine 

10.00 

note: 

10% is too high 
for the south 
side, but good 
on the north 


colour 

brightness 

non-coiour-treated 

materials 

floor coverings, 
rolls and sheets 

{dark to bright) 

(dark to bright) 

(dark to bright) 

red 

0.1 to 0.5 

smooth 

concrete 

0.25-0.5 

dark 

0.1-0.15 

yellow 

0.25-0.65 

faced 

masonry 


medium 

0.15-0.25 

green 

0.15-0.55 

red 

brick 

0.15-0.3 

bright 

0.25-0.4 

blue 

0.1-0.3 

yellow 

brick 

0.3-0.45 



brown 

0.1-0.4 

lime 

sandstone 

0.5-0.6 



white 

(medium) 

0.7-0.75 

wood 




grey 

0.15-0.6 

dark 

0.1-0.2 



black 

0.05-0.1 

medium 

0.2-0.4 





bright 

0.4-0.5 
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Uniformity; tight from the 
side 


Uniformity; light from 
above 



Illuminance, level of reflection, colour rendering and glare 

The interplay of these characteristics of daylight has a great 
influence on the brightness in internal areas. To fulfil 
specific visual tasks, specific daylight illuminance levels are 
required, depending on the type of activity ©. Therefore, 
the choice of reflection levels for the walls has to be 
coordinated with the requirements of the visual tasks which 
are to be performed. The varied structuring of the 
brightness in a room is dependent on the reflection levels of 
the surfaces and the choice of arrangement of the windows 
in the fagade -> @ (and see also > @). 

The uniformity G of the daylight illumination (defined as 
Dmin/Dmax) should be > 1:6 in the case of light from the 
side -> In the case of light from above, G > Dmin/Dmax 
1:2 This, in principle, characterises the variation of 

daylight in internal areas. The uniformity is better in the 
case of overhead illumination, since the zenith luminance is 
three times greater than the luminance on the horizon. 

Measures used to vary the uniformity can be influenced 
by: 

• the level of reflection (if very high), 

• the direction of any glare, 

• the arrangement of the windows. 

Glare is caused by direct and indirect reflection from the 
surfaces and by unfavourable luminance contrasts 
Measures for the avoidance of glare include: 

• solar shading outside, 

• glare protection, inside and outside, in association 
with solar shading, 

• matt surfaces, 

• correct positioning of daylight-enhancing illumination. 
Shadow is desirable to a certain degree, in order to be able 
to distinguish objects or other aspects of the room ( > ©, 
schematic). Measures required for a more three- 
dimensional shadow effect in the case of side lighting 
include: 

• solar shading, 

• glare protection (even in the north), 

• balanced distribution of daylight, 

• no direct glare, 

• multi-layered or staggered fagade. 

Measures for appropriate shading with light from above 
include: 

• incident daylight on the lower edge of the light 
opening, through translucent materials, light gratings 
or similar filters (~» @, schematic), 

• daylight-enhancing illumination, 

• bright matt surfaces combined with coloured 
differentiation (e.g. a supporting structure). 

Summary: Quality criteria, daylight coming from the side, in 
essence, the named quality criteria for daylight must be 
interpreted in such a way that spatial identity results. The 
variation of daylight in the internal area, combined with a 
good external view, are largely the result of the design of 
the fagade, that is, the transition from inside to outside. A 
staggered, multi-layered and simultaneously transparent 
transition from inside to outside can satisfy the various 
requirements relating to daylight throughout the seasons of 
the year -> 


(49) Light conditions in a Japanese house 
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(50) Principle of light redirection 




(5l) Mount Airy Public Library, NC, USA 
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Ceiling design for light redirection 
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glass blocks 



( 54 ) Redirection of light 


Light redirection (light from the side) 

As the depth of a room increases (normally 5-7 m), the intensity 
of the daylight in the room diminishes (see daylight factor 
curve). Redirecting the light allows rooms to be completely 
illuminated with daylight, even rooms of considerable depth. 

The redirection of the light is based on the principle that the 
angle of incidence equals the angle of reflection. The aim of this 
redirection is <@>): 

• to obtain a more uniform distribution of daylight; 

• to obtain better daylight illumination in the depths of the 
room; 

• to avoid glare when the sun is high, and to make use of 
winter sun; 

• to mask out zenith luminance, or to make indirect use of it; 

• to redirect particularly diffuse radiation; 

• to eliminate the need for additional solar protection 
(possibly trees) by achieving glare protection on the inside. 

Light shelves (reflectors). These can be placed inside or outside 
the window in the area of the abutment. Mirrored, polished or 
white surfaces can be used as the reflection plane. They 
improve the uniformity of the illumination, particularly if the 
ceiling is shaped to correspond with the redirected light. If 
necessary, glare protection can be provided in the region 
between the abutment and the ceiling -> 

Prisms. Optical prisms can be used to achieve a desired 
selection of radiation and redirection (§). Prism plates reflect 
the sunlight with less deviation, and only allow diffuse light 
from the sky to pass through. In order to prevent penetration of 
the sun's rays, the prism plates are mirrored. The prism plates 
guarantee adequate daylight illumination up to a room depth of 
approximately 8 m. 

Outlook, light deflection and glare protection. The 
illumination in the depths of a room can be improved by 
redirecting the light and by providing reflecting surfaces on the 
ceiling (@). The outlook remains the same, but the zenith 
illuminance is masked out. Glare protection is only required in 
winter, but if necessary, a means of enhancing daylight 
illumination may be provided on the abutment. 

Solar control glass, glass bricks and Venetian blinds are used 
for radiation selection and redirection, and include the 
following systems (-> <g)): 

• solar control glass, i.e. mirror reflectors (rigid) between 
the glass panes cause the light to be reflected in summer 
and transmitted in winter; 

• glass blocks, i.e. polished prisms to increase the 
uniformity of the light; 

• Venetian blinds, i.e. adjustable bright outer blinds to 
deflect the daylight. 

Examples of light redirection in ceiling areas in museums are 
shown in ©. 




National Museum of 
Western Art, Tokyo 



Bauhaus Archives, Berlin 



Uffizi Galiery, Florence 




Kimbeli Art Museum, Fort 
Worth, TX, USA 



Abteiberg Museum, 
Monchengladbach 



Paderborn 



Brandywine River Museum, 
Chadds Ford, PA, USA 



Nordiyliands Art Museum, 
Aalborg, Denmark 


w. 


” Yv\ i 




Maeght Foundation Museum, 
St. Paul-de-Vence. Paris 



Guggenheim Museum, 
New York 


examples shown here 


( 55 ) Redirection of light; light from above (the 
^ are museums) 
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(58) Experimentation with the light on the model under an artificial sky 

100% zenith 



Room with roof aperture and side window, showing the 
distribution of zenith luminance 



Square room with a roof aperture and a height of 3 m (left) and 


12-15 m (right) 




Methods and procedures for determining the level of daylight 
(D%) in internal areas (side and overhead light) with a clouded 
sky 

A number of methods are available to determine the level of 
daylight, for example calculation, graphical methods, 
computer-supported methods and measurement techniques. 

In order to arrive at a basis for a decision on the 'room to be 
built' or the 'building to be erected', an approximate simulation 
of the daylight levels is recommended. This can be 
accomplished using drawing methods or with a model. 

However, the distribution of the daylight can only be 
determined and evaluated in three dimensions. Therefore a 
model of the room or building should be tested under simulated 
conditions so that the various effects of daylight can be 
examined. 

Experimental method. A model room was built with a 
suspended bright, matt, translucent ceiling, artificial 
illumination above the ceiling and a mirrored surface rotating in 
a horizontal plane which mirrored the surrounding walls. This 
simulated the actual effect of a uniformly clouded sky -> 

An illuminance of approx. 2000-3000 lx was adequate. The 
external illuminance of the artificial sky was measured (Ea = 
2000 lx), using a special purpose-made device, on a 1:20 scale 
architectural model. The illuminance in the inner area of the 
model was measured by means of a probe (Ei = 200 lx). Thus the 
daylight factor in the internal area had a value of 10% at point P. 
The variation of daylight in the model was determined using 
this method -> 

Different materials can be used to influence the variation in 
daylight, illuminance, colours effects, room dimensions, etc., 
but care should be taken that the quality criteria for daylight are 
maintained. The following materials can be used to experiment 
with the effects of light on the model: cardboard or paper of 
various colours, preferably pastels; transparent paper to 
prevent glare and to generate diffuse radiation; aluminium foil 
or glossy materials as reflective surfaces -> <§). 

Daylight in internal areas with light from above 

The illumination of internal areas with daylight from 'above' is 
subject to the same prerequisites and conditions that apply to 
rooms with windows at the side, i.e. daylight illumination with 
a clouded sky. Whilst light from the side produces relatively 
poor uniformity of light distribution (and hence increased 
demand for D%), this is not the case with lighting from above. 
The quality of daylight in the latter case is significantly 
influenced by zenith luminance, room proportions, quality 
criteria, daylight from above and diminution factors. 

The best place to work in the room shown (-> ©) is at a 
distance from the side window which is equal to the height 
above the working position of the overhead light source. If the 
same level of illuminance that is produced by the overhead light 
on the reference plane (0.85 m above floor level) is to be 
generated by light from the side window, then the window must 
be 5.5 times larger in area than the roof light aperture. The 
reason for this is that the light from above is brighter, since the 
zenith luminance is roughly three times the horizontal 
luminance. This means the light from above represents 100% of 
the light from the sky, whereas only 50% of the light from the 
sky is admitted through a side window. 

The illumination of a room from above is dependent on the 
proportions of the room, i.e. length, width and height (see -* 
However, the possible occurrence of the 'dungeon effect' 
should be avoided. 

Quality criteria for overhead light. The variation of daylight 
(D%) in an internal area with side windows is characterised by 
Dmin and Dmax -> @. A uniformity of G > 1:2 (Dmin/Dm) and a 
Dmin of > 2% is required for daylight illumination with overhead 
light in workrooms (Dm)min > 4% > 



Daylight (D% and Dm%) and uniformity (G) with side and 
overhead light 
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DAYLIGHT 

Rooflighting 


ratio 

Dmin:Dmax 


approx.1:1 



recommen¬ 

dation 


target 

values 


tolerable 

critical 

avoid 


ke value = O/h 


<1.1 

1.3 

1.4 

1.4 

1.5 

1.7 

1.6 

1.8 

2.0 

1.7 

2.0 

2.2 


O - h-ke 




height of overhead illumination, room height and the uniformity of lighting which is sought, 
showing the corresponding overhead light arrangements in the roof area (ke factor) 

(62) Recommended values for the ratio Dmin/Dmax 



(a) Comparative variations in the 
daylight factor for side and 
overhead illumination with various 
inclinations of the rooflights 

(63) 


(b) Diminution factor ky as a function 
of the inclination y of the glazing in 
shed roofs 



(§) 


1 

2 

3 


with horizontal rooflight; no shaft, i.e. h = 0 
with a light shaft; h = a 
with a light shaft; h = 2a 



(a) Reduction in the quantity of 

daylight with overhead lighting with 
deep aperture shafts and bulky 
lower structures 




<b) Uniform illumination in the internal 
area and hence better daylight 
conditions from rooflights with a 
lighter, filigree lower structure, with 
good reflection characteristics 
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side windows and 

opposite-facing 

rooflights 


D% D% 
kF for D = 5% 


rooflights + shed 
roofs + inclined 
shed roofs 



kF = window area/floor area =1.6 

values required for Dmin = 5% are shown for comparison 

Effects of different windows and rooflights on the variation in 
the daylight factor in a room with fixed principal dimensions 


Rooflights arranged at points on the ceiling area generate 
typical minimum and maximum brightnesses in the region 
where the light is required, the work plane. The mean value 
between these 'bright' and 'dark' areas is calculated, and 
this is termed the mean daylight factor Dm, 

Thus, Dm is the arithmetic mean between Dmin and 
Dmax with respect to the reference or work plane 10.85 m 
above floor level). The required G > 1:2 is not based on 
Dmax, but on Dmin, since unevenness in the daylight from 
above is sensed physiologically as 'stronger than contrast'. 
At this uniformity {Dmin = 1 and Dm = 2), Dmin must be > 
2 % (compare -»@). 

Furthermore, the quality criteria striven for in controlling 
the overhead daylight in the room are limited by the room 
height and the shape of the rooflight {ke factor). 

An ideal uniformity is achieved when the spacing 
between the rooflights (O) is equivalent to the room height 
(h), i.e. a ratio of approximately 1:1. 

In practice the rule is that the ratio of rooflight spacing to 
room height should be 1:1.5-1:2 (see -> @). This figure 
contains a table from which these ratios and their effects 
can be obtained. The figure also provides a 
recommendation for the light shafts which should be let 
into the roof. 

Type of rooflight and construction 

The inclination of the rooflights determines the percentage 
of the light component from the sky which is available, in -♦ 
<@>a, the quantity of incident light admitted through a side 
window is compared with the quantity of light provided by 
rooflights at various inclinations. The greatest quantity of 
light is received through a horizontal rooflight. 

On the other hand, the maximum illuminance from a 
side window is achieved only in the vicinity of the window; 
for glazing which is vertically overhead, the lowest 
illuminance is on the reference plane. 

Thus there is a diminution factor (ky) for the quantity of 
incident light which depends on the angle of inclination of 
the rooflight. The diminution factors corresponding to shed 
roofs of various inclinations are shown in -> @b. 

The diffuse incident light which falls on the rooflight is 
affected by the construction and depth of the installation 
before it supplies the room with daylight. The various levels 
of incident light for shafts of different proportions beneath 
rooflights the are shown in (0). Excessively high and 
massive shafts and built-in depths should be avoided @a, 
while a filigree, highly reflective construction is to be 
recommended -> ©b. 

The quality of daylight in an internal area with rooflights 
is not only dependent on the factors discussed above. 
Another significant factor is the ratio of the total area of the 
overhead lights to the floor area of the room (kF factor). 

The diagrams in -> @ show the levels of daylight from 
side windows with various geometrical features and 
overhead illumination. 

In order to increase the daylight factor Dmin by 5% for 
side windows or opposite-facing rooflights, the proportions 
of the windows must be increased significantly, typically up 
to a ratio of 1:1.5. By contrast, for the same demands from 
overhead lighting, particularly with shed roof-type lights, 
the area need only be increased by a relatively small 
amount. A ratio of rooflight area to floor area of from 1:4 to 
1:5 is adequate. 

Additional diminution factors for rooflights are given 
below. 

• transmittance of the glazing, t 

• scatter and constructional features, kl 

• soiling of the glazing, k2 

• diffuse illumination, k3. 
















(b) barrel vault (e.g. arcades} 

(68) Large individual rooflights 


(d) light shafts for direct and 
indirect incident radiation 



(a} monopitch rooflights <c) lantern lights 



(b) inclined lantern lights 


(69) Continuous rooflights 



la) 90° inclined 



(a) intermeshed offset diagonal shells 



(b) butterfly rooflight with 
translucent ceiling 




(d) ridgelights (also as 
individual pyramids} 



(c) opposed inclined surfaces 
(note corner illumination} 



(d) rounded with white 
external surfaces 



{c} cornice rooflights 



(d) glass roof with slats for 
diffuse and direct light 


DAYLIGHT 

Empirical evaluation of the quality of daylight from overhead 
illumination 

The definitive evaluation of daylight conditions should be 
performed against the background of a clouded sky. However, 
rooflights are not only recipients of diffuse radiation, they are 
also subject to direct solar radiation. These varying lighting 
conditions should be simulated, not only under an artificial sky, 
but also under an artificial sun. In this process, the quality 
criteria for the daylight on the model should be assessed by eye 
—> ©■ 

Design parameters for overhead illumination are listed 
below (-> © - see also -> @). 

• Rooflights should not be orientated toward the south. 

• Convert solar radiation into diffuse light radiation. 

• Maintain quality criteria for daylight. 

• Avoid excessive contrasts in luminance levels. 

• Pay attention to variation in Dm. 

• Ensure illumination of all room corners and enclosing 
surfaces. 

• Avoid glare by artificial shading. 

• Treat room-enclosing surfaces according to their 
separate technical requirements. 

• Ensure that it is possible to see outside. 


« 




«5 


pfi| 





(a) shells (e.g. stations, stadia) (c) tent shapes (e.g. leisure buildings} 



(b) membranes (e.g. for sports halls) (d) transparent room under a freestanding 

roof with directed outward vision and 
passage of light 


(72 ) Large rooflights with distinctive shapes 


Side and overhead lighting 

The choice between side and overhead illumination depends on 
the use to which the building is to be put and also on the available 
external light sources, i.e. the geographical location. For example, 
where there are extreme light and climatic conditions, appropriate 
forms of construction must be developed and the shapes of 
buildings must be designed to match the prevailing light 
conditions at that latitude (i.e. to make optimum use of the diffuse 
and direct sunlight -> © - ©. 

zenith 


horizon (scheme) horizon horizon (scheme) horizon 

© Constructional style Constructional style suitable 

suitable for southern for northern regions (high 

regions (high direct solar proportion of diffuse light), 

radiation), side illumination side and overhead illumination 
















DAYLIGHT: INSOLATION 

Determination of the sunshine on structures 
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© 


Solar path at the summer solstice (21 June) 
longest day of the year 
51.5°N (London, Cardiff) 


N 



autumn equinox (23 September) 


Application 

The path of sunshine on a 
planned structure can be 
obtained directly from the 
following procedure if a plan 
of the structure, drawn on 
transparent paper, is laid in its 
correct celestial orientation 
over the appropriate solar 
path diagram. The following 
solar path data relate to the 
latitude region 51.5°N 
(London, Cardiff). 

For more northern areas, 
e.g. at 55°N (Newcastle), 3.5° 
should be subtracted. The 
values in degrees given 
inside the outer ring relate to 
the 'azimuth', i.e. the angle by 
which the apparent east-west 
movement of the sun is 
measured in its projection on 
the horizontal plane. The local 
times given in the outer ring 
correspond to the standard 
time for longitude 0° 
(Greenwich, i.e. the meridian 
of Greenwich Mean Time). 

At locations on degrees of 
longitude east of this, the local 
time is 4 min earlier, per 
degree of longitude, than the 
standard time. For every 
degree of longitude to the west 
of 0°, the local time is 4 min 
later than the standard time. 

Duration of sunshine 

The potential duration of 
sunshine per day is almost the 
same from 21 May to 21 July, 
i.e. 16-16 3 /4h, and from 21 
November to 21 January, i.e. 
8 V4-7V2h. In the months 
outside these dates, the 
duration of sunshine varies 
monthly by almost 2h. The 
effective duration of sunshine 
is barely 40% of the figures 
given above, owing to mist 
and cloud formation. This 
degree of efficacy varies 
considerably depending on 
the location. Exact information 
is available from the regional 
observation centres of the 
areas in question. 

Sun and heat 

The natural heat in the open 
air depends on the position of 
the sun and the ability of the 
surface of the Earth to give 
out heat. For this reason, the 
heat curve lags approx¬ 
imately 1 month behind the 
curve of solar altitude, i.e. the 
warmest day is not 21 June, 
but in the last days of July, 
and the coldest day is not 21 
December, but in the last days 
of January. Again, this pheno¬ 
menon is such that local 
conditions are extraordinarily 
varied. 



DAYLIGHT: INSOLATION 


N 



in sunshine from / 

10.30 to 20.15 (9 3 /4 h) y north 


n sunshine from 
14.00 to 20.15 <6V4h) 


21 December, shortest day of the year, 
51.5"N (London, Cardiff) 


@ Solar path, winter solstice 


summer solstice 


21 March and , 

23 September Q- equinox 


Solar positions at midday 
on the equinoxes and 
solstices 



^winter solstice 
21 December 



in sunshine from 
03.45 to 10.30 (6^/4 h) 

shortly after 11.00 shadow begins to form on the 
north-east side; shortly after 13.00 the south-east 
side is also in shadow, whilst the other sides are 
in sunlight at the corresponding times 


Summer solstice 


in sunshine from 
09.45 to 18.00 / 


in sunshine from 
06.00 to 09.45 (3 3 /4h> 

/ 



in sunshine from 
14.45 to 18.00 (3V'4h) 


the north-east side is in shadow shortly after 
10.00, the south-east side shortly before 15.00 


(Qj Equinox 



(^) Elevation 



to establish the duration of sunshine or shadow on a building at a particular time of 
year and time of day (e.g. 11.00 on the equinox), the azimuth in the plan view is 
constructed on the corner of the building in question This determines the boundary of 
the shadow in the plan view upon which the solar altitude (effective light beam) is 
constructed by rotation about the azimuth Sine. The intersection x at right angles to the 
plan view shadow, translated to the elevation, provides the boundary of the shadow on 
the front of the building as a distance below the upper edge of the building. 



the north-east side is in the sun for barely 1 h, the 
south-east receives shadows shortly after 15.00 
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GLASS 
Double/Triple Glazing 






with three panes 


outsidejj 
- 10 ® 


drop +21° 
23° 


glass 


outside 

- 10 ° 


; ; {"drop 11° + 

^ glass + 10° 


inside 

r 

21 ° 


outside 
- 10 ®" 


ii: 


jjdrop 8° 

glass 
+13° 


(?) Heat transfer with single, double and triple glazing 




© 

f 5 

B 

C 



polygon 





90‘ 90' 

* _ 


polygon 




polygon 


triangle 



min./^ 
10 cm 


© 


A-1 

rounded corners 


rounded corners 


(?) Manufactured glazing units, possible shapes 


width, long edge (cm) 



recommended glass 
thicknesses for inside 
and outside panes of 
double glazing up to 
8.00 m installation 
height (wind load = 
0.75kN/m 2 or 750Pa) 


Mutti-iayered, insulating glazing units are manufactured out 
of two or more sheets of glass --> © (clear float glass, tinted 
and coated glass, rough cast and patterned glass) separated 
by one or more air- or gas-filled cavities. Multi-layered 
glazing units can, depending on the assembly, provide high 
thermal and/or sound insulation (e.g. sound-reducing units, 
solar protection units, heat-absorbing units, laminated 
glass with intermediate layers). There is dried air or a 
special gas in the spaces between the glass sheets. 
Different edge treatments define three types of units: full 
glass edge welding -> ©A; edges welded together with 
inserts -* ®B; glued organic edge sealing ®C. 


cavity 

width 


with 2 x 

4mm 5mm 

double glazing 

OPT1FLOAT float glass 

6mm 8mm 10mm 12mm 

k 

(W/m 2 K) 


width 

(cm) 

141 

185 

185 

300 

300 

300 



height 

(cm) 

240 

300 

500 

500 

500 

500 


8 

surface area 

(m 2 ) 

3.4 

5.5 

9.2 

15.0 

15.0 

15.0 

3.2 


aspect ratio 

1:6 

1:10 

1:10 

1:10 

1:10 

1:10 



overall thickness 

(mm) 

16 

18 

20 

24 

28 

32 



width 

(cm) 

141 

245 

280 

300 

300 

300 



height 

(cm) 

240 

300 

500 

500 

500 

500 


10 

surface area 

(m 2 ) 

3.4 

7.3 

14.0 

15.0 

15.0 

15.0 

3.1 


aspect ratio 

1:6 

1:10 

1:10 

1:10 

1:10 

1:10 



overall thickness 

(mm) 

18 

20 

22 

26 

30 

34 



width 

(cm) 

141 

245 

280 

300 

300 

300 



height 

(cm) 

141 

245 

280 

300 

1 300 

300 


12 

surface area 

(m 2 ) 

3.4 

7.3 

14.0 

15.0 

1 15.0 

15.0 

3.0 


aspect ratio j 

1:6 

1:10 

1:10 

1:10 

1:10 

1:10 



overall thickness 

(mm) 

20 

22 

24 

28 

32 

36 


thickness tolerance 

(mm) 

± 1.0 

± 1.0 

± 1.0 

± 1.0 

± 1.0 

± 1.0 


size tolerance 

(mm) 

± 1.5 

± 2.0 

± 2.0 

± 2.0 

i 2.0 

± 2.0 


weight 

(kg/m 2 ) 

20 

25 

30 

40 

50 

60 



5) Double glazing 


build-up OPTIFLOAT (mm) 

cavity width (mm) 

4 4 4 

(8.5) (8.5) 

5 5 5 
(8.5) (8,.5) 

4 4 4 
(6) (6) 

5 5 5 
(6) (6) 

k value 

(W/m 2 K) 

1.9 

1.9 

2.0 

2.0 

light transmittance 

(%) 

74 

72 

74 

72 

unit thickness 

(mm) 

29 

32 

24 

27 

max. edge length 

(cm) 

141 x 240 

180 x 240 

141 x 240 

180 x 240 

min. size 

(cm 2 ) 

24 x 24 

24 x 24 

24 x 24 

24 x 24 

j aspect ratio 

1:6 

1:6 

1:6 

1:6 

max. area 

(m 2 ) 

3.4 

3.4 

3.4 

3.4 

weight 

(kg/m 2 ) 

ca. 30 

ca. 38 

ca. 30 

ca. 38 

thickness tolerance: 

-1 mm 
+ 2 mm 


size tolerance 

: ± 2.0 mm 


6) Triple glazing 



recommended glass 
thicknesses for inside 
and outside panes of 
double glazing up to 
20.00m installation 
height (wind load = 
1.2 kN/m 2 or 1200Pa) 


© 


Recommended thicknesses, 8 m high glass 


© 


Recommended thicknesses, 20 m high glass 
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GLASS 



* 


light 

transmission 

received \ 
radiation , 

light » 
reflection 
^ to outside 

36% 

30% % 

w ■ 

radiation 
reflection 
*to outside 

V 

radiation 

transmission 

14% 

45% 

- N 

secondary*' 

emissions 

V" 


3 

to inside ^ 


© 


Solar control double glazing 




Solar control double glazing 
{gold 30/17) 


type 

light transmittance, 

T t (%) 

light reflection 
outside/inside, 

R l 1%) 

0> 

c 

<0 

1 

c ~ 

15 

k value 
(W/m 2 K) 

total energy 
transmittance, 
g 1%) 

mean transmittance 
value, b 

selectivity 
code, S 

max. dimensions 
(cm x cm) 

titanium 










66/43 

66 

21 

18 

17 

1.4 

43 

0.49 

1.53 

260x500 

auresin 










66/44 

66 

15 

11 

7 

1.4 

44 

0.50 

1.50 

240x340 

50/32 

50 

19 

16 

9 

1.5 

32 

0.37 

1.56 

240x340 

49/32 

49 

38 

36 

10 

1.4 

32 

0.37 

1.53 

260x500 

45/39 

45 

30 

17 

11 

1.5 

39 

0.45 

1.15 

240x340 

40/26 

40 

32 

22 

8 

1.3 

26 

0.30 

1.54 

240x340 

39/28 

39 

26 

11 

9 

1.4 

28 

0.32 

1.40 

240x340 

gold 










40/26 

40 

25 

36 

11 

1.4 

26 

0.30 

1.54 

240x340 

30/23 

30 

18 

40 

11 

1.4 

23 

0.26 

1.30 

240x340 

silver 










50/35 

50 

40 

35 

14 

1.4 

35 

0.40 

1.43 

240x340 

50/30 

50 

37 

34 

18 

1.3 

30 

0.34 

1.67 

260x500 

49/43 

49 

36 

22 

14 

1.5 

43 

0.49 

1.14 

240x340 

48/48 

48 

39 

21 

13 

1.5 

48 

0.55 

1.00 

240x340 

37/32 

37 

40 

14 

8 

1.5 

32 

0.37 

0.16 

240x340 

36/33 

36 

46 

26 

8 

1.4 

33 

0.38 

1.09 

240x340 

36/22 

36 

48 

45 

9 

1.2 

22 

0.25 

0.68 

240x340 

15/22 

15 

26 

42 

8 

2.6 

22 

0.25 

0.68 

200x340 

bronze 










49/23 

49 

16 

35 

12 

1.4 

33 

0.38 

1.48 

240x340 

36/26 

36 

26 

46 

8 

1.4 

26 

0.30 

1.38 

240x340 

neutral 

51/39 

51 

11 

30 

15 

1.6 

39 

0.45 

1.31 

240x340 

51/38 

51 

16 

10 

18 

1.6 

38 

0.44 

1.34 

300x500 

green 










37/20 

37 

25 

36 

3 

1.4 

20 

0.23 

1.85 

260x500 

38/28 

38 

34 

17 

8 

1.4 

28 

0.32 

1.36 

240x340 

grey 










47/51 

47 

6 

22 

27 

2.9 

51 

0.59 

0.92 

240x340 

43/39 

43 

7 

17 

18 

1.5 

39 

0.45 

1.09 

240x340 

clear glass l 78 
(for comparison) 

15 

15 

98 

3.0 

72 

0.83 

1.08 



\3y Solar control double glazing 

Solar Control Double Glazing 

Solar control double glazing is characterised by a high fight 
transmittance and an energy transmittance which is as low 
as possible. This is achieved by a very thin layer of precious 
metal deposited on the protected inside layer of one of the 
panes. Apart from its solar control qualities, solar control 
double glazing fulfils all the requirements of highly 
insulating double glazing, with k values up to 1.2W/m 2 K. 
The choice of a wide range of colours and colourless tones, 
augmented by the availability of colour-matched singfe- 
and double-glazed fagade panels, presents many design 
opportunities. Solar control glass can be combined with 
sound-reduction glass, armoured glass, laminated glass, 
safety glass or ornamental/cast glass as either internal or 
external sheets. A combination with wired glass is not 
possible. 

Each glass type is identified by colour {as seen from the 
outside) as well as by a pair of values: the first is the light 
transmittance and the second the total energy 
transmittance, and both are given as percentages. Example: 
auresin {= blue) 40/26. 


Light transmittance T L in the 380-780 nm (nanometres) 
wavelength band, based on the light sensitivity of the 
human eye {%). 

Light reflection R L from outside and inside {%). 

Colour rendering index R a : 

R a >90 = very good colour rendering; 

R a >80 = good colour rendering. 

UV transmittance T uv in the 320-2500 nm wavelength 
band is the sum of the direct energy transmission and the 
secondary heat emission (= radiation and convection) 
towards the inside. 

The b value is the mean transmittance factor of the sun's 
energy based on an energy transmission of a 3 mm thick 
single pane of glass of 87%. Accordingly: 


where g is the total energy transmittance. 

Selectivity code S. S = T L /g. A higher value for the 
selectivity code S shows a favourable relationship between 
light transmittance (T L ) and the total energy transmittance 

(g). 

The thermal transmittance k of a glazing unit indicates 
how much energy is lost through the glass. The lower this 
value, the lower the heat loss. The k value of conventional 
double-glazing units is greatly dependent on the distance 
between the two sheets of glass and the contents of the 
cavity {air or inert gas). With solar-control glass, an 
improved k value is achieved because of the precious metal 
layer. Standard k values are based on a glass spacing of 
12 mm. 

Generally, colour rendering seems unaltered when 
looking through a glass window from inside a room. 
However, if a direct comparison is made between looking 
through the glass and through an open window, the slight 
toning produced by most glass is perceptible. Depending 
on the type of glass, this is usually grey or brown. This 
difference can also be seen when looking from outside a 
room through two panes set at a corner. The interior colour 
climate is only marginally effected by solar-control glazing 
since the spectral qualities of the daylight barely change. 
Colour rendering is expressed by the R index. 

Multifunctional Double-Glazing Units 

Owing to the increasing demands being placed on fapade 
elements, glazing is required to provide a wide range of 
functions: thermal insulation, sound reduction, solar 
control, personal security, fire protection, aesthetic and 
design aspects, environmental protection and 
sustainability. These functions demand an increased 
protection element which cannot be provided by 
conventional double glazing. 

Multifunctional double-glazing units can combine 
several protection properties, and it is technically possible 
to fulfil almost all of those listed above. However, a 
standard multifunctional double-glazing unit is not yet 
commercially available * 


build-up: 

glass/cavity/glass 

unit thickness 

thermal insulation, 
k v value 

sun control, 
g value 

energy balance, 
k value 

sound reduction, 

R w 

colour rendering, 

R aD 

security 

aesthetics 

environmental 

protection 

mm 

mm 

W/m 2 K 

% 

W/m 2 K 

1 

! dB 


- 

- 

- 

TG* 

6/16/4 

26 

1.2 

43 

0.68 

36 

98 

yes 

yes 

yes 


‘TG = toughened glass 

T) Examples of multifunctional glass 



167 





GLASS 




glass thickness (mm) | 

[ ations 

float 

TG 

LG 



4 

5 

6 

8 

10 

4 

5 

6 

8 

10 

6 


10 

12 


4 

100* 

100* 

100* 

100* 

100* 

100* 

100* 

100* 

lOOx 

'A 

100x 

3 

100* 

100* 

... 


200 

200 

200 

200 

200 

200 

200 

200 

200 

200 

200 

200 

200 

200 

£ 

E 

5 

120* 

120\ 

120* 

120* 

120* 

100* 

120* 

120* 

120* 

120* 

120* 

120x 

120x 

120* 



240 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 


6 

141 * 

210* 

210* 

210* 

210* 

o 

o 

210* 

210* 

210* 

210* 

210x 

210x 

210x 

210* 



240 

300 

360 

360 

360 

360 

360 

360 

360 

360 

360 

360 

360 

360 

.c 

8 

141* 

210* 

210* 

210* 

210* 

100* 

210* 

210* 

210* 

210* 

210* 

210* 

210* 

210* 

TO 


240 

300 

360 

360 

360 

360 

360 

360 

360 

360 

360 

360 

360 

360 

o> 

10 

141* 

210* 

210* 

210* 

210x 

100* 

210* 

210* 

210x 

210* 

210* 

210x 

210* 

210* 



240 

300 

360 

360 

360 

360 

360 

360 

360 

360 

360 

360 

360 

; 360 


TG = toughened glass, LG = laminated glass 


(T) Normal maximum sizes of glazing units using toughened glass (cm) 


LG 

combin 

ations 

glass thickness (mm) 


float 

TG 

LG 



4 

5 

6 

8 

10 

4 

5 

6 

8 

10 

6 

8 

10 

12 

E 

6 

141* 

225* 

225* 

225* 

225* 

100* 

120* 

210x 

210x 

210* 

225x 

225x 

225* 

225* 

£ 


240 

300 

321 

321 

321 

200 

300 

321 

321 

321 

321 

321 

321 

321 

<2 

8 

141* 

225* 

225* 

225* 

225x 

100x 

120* 

210* 

210* 

2l0x 

225x 

225x 

225* 

225* 

0) 

c 


240 

300 

400 

400 

400 

200 

300 

360 

360 

360 

321 

400 

400 

400 

'_c 

10 

141* 

225* 

225* 

225* 

225* 

lOOx 

120* 

210x 

210* 

21 Ox 

225x 

225x 

225x 

225x 



240 

300 

400 

400 

400 

200 

300 

360 

360 

360 

321 

400 

400 

400 


12 

141* 

225* 

225* 

225* 

225* 

100* 

120x 

210x 

210x 

210x 

225x 

225x 

225x 

225* 



240 

300 

400 

400 

400 

200 

300 

360 

360 

360 

321 

400 

400 

400 


TG = toughened glass, LG = laminated glass 


(2J Normal maximum sizes of glazing units using laminated glass (cm) 

Toughened (tempered) glass 

Toughened safety glass is a pre-stressed glass. Pre-stressing 
is achieved by thermal treatment. The production method 
consists of rapid heating followed by rapid cooling with a 
blast of cold air. In comparison to float glass, which 
produces sharp, dagger-like glass splinters when broken, 
this glass breaks into small, mostly round-edged glass 
crumbs. The danger of injury is thus greatly reduced. 
Toughened glass has the further advantages of increased 
bending and impact-resistant qualities and tolerance to 
temperature change (150K temperature difference, and up 
to 300°C compared with 40°C for annealed material. It is also 
unaffected by sub-zero temperatures). Toughened glass also 
has enhanced mechanical strength (up to five times stronger 
than ordinary glass), so it can be used in structural glazing 
systems. Alterations to, and work on, toughened glass is not 
possible after production. Even slight damage to the surface 
results in destruction. However, tempered safety glass can 
be used in conventional double-glazing units -<3> 

Areas of use: sports buildings (ball impact resistant); 
school and playschool buildings because of safety 
considerations; living and administration buildings for 
stairways, doors and partitions; near radiators to avoid 
thermal cracking; for fully glazed fagades, and elements 
such as glazed parapets and balustrades on balconies and 
staircases to prevent falls. 

Laminated glass 

During the manufacture of laminated glass, two or more 
panes of float glass are firmly bonded together with one or 
more highly elastic polyvinylbutyral (PVB) films. 
Alternatively, resin can be poured between two sheets of 
glass which are separated by spacers, and the resin is then 
cured. This process is called cast-in-place (C1P). The normal 
transparency of the glass may be slightly reduced 
depending on the thickness of the glass. Laminated glass is 
a non-splintering glass as the plastic film(s) hold the 
fragments of glass in place when the glass is broken, thus 
reducing the possibility of personal injury to a minimum. 

There are several categories of laminated glass: safety 
glass, anti-bandit glass, bullet-resistant glass, fire-resistant 
glass and sound-control glass. The thickness and the 
number of layers of glass, and the types of interlayer, are 
designed to produce the required properties. 


Laminated safety glass 

Laminated safety glass normally consists of two layers of 
glass bonded with polyvinylbutyral (PVB) foil. This is a 
standard product which is used to promote safety in areas 
where human contact and potential breakage are likely. The 
tear-resistant foil makes it difficult to penetrate the glass, 
thus giving enhanced security against breakage and break- 
in. Even when safety glass is broken, the security of the 
room is maintained. Laminated safety glass is always used 
for overhead glazing for safety and security reasons > (£). 
Building regulations insist on its use in certain situations. 

Areas of use: glazed doors and patio doors; door side¬ 
lights; shops; all low-level glazing; balustrades; bathing and 
shower screens; anywhere that children play and may fail 
against the glass, or where there is a high traffic volume, 
e.g. entrance areas in community buildings, schools and 
playschools. 

Laminated anti-bandit glass 

Laminated anti-bandit glass is the most suitable material for 
providing complete security in protective glazing systems. 
Anti-bandit glass can be made with two glass layers of 
different thicknesses bonded with PVB foil, or with three or 
more glass layers of different glass thicknesses bonded 
with standard or reinforced PVB foil. Additional security can 
be provided by incorporating alarm bands, or wires 
connected to an alarm system. 

One side of this glass will withstand repeated blows from 
heavy implements such as bricks, hammers, crowbars, 
pickaxes etc. There may be crazing in the area of impact, but 
the tough, resilient PVB interlayers absorb the shock waves, 
stop any collapse of the pane and prevent loose, flying 
fragments of glass. Even after a sustained attack, the glass 
continues to provide visibility and reassurance, as well as 
protection from the elements. Additional security can be 
achieved by bonding the glass to the framing members so 
that the frame and the glass cannot be separated during an 
attack. Normally, the side of the expected attack is the 
external side. Only in law courts should the side of the 
expected attack be on the inside. It is not permissible to 
change the orientation of the glazing without good reason. 

Areas of use: shops; display cases; museums; kiosks and 
ticket offices; banks; post offices; building societies; wages 
and rent offices; etc. 

Blast-resistant glass 

Safety and anti-bandit glass can also be used to provide 
protection against bomb attack and blast. The glass 
performs in two ways. First, it repels any bomb which is 
thrown at it, causing it to bounce back at the attacker, and 
second, under the effects of a blast it will deform and crack, 
but the glass pieces remain attached, reducing the 
likelihood of flying splinters. 

Bullet-resistant glass 

For protection against gunshots, a build-up of multiple layers 
is required, the overall thickness (20-50 mm) depending on 
the classification required. This glass incorporates up to four 
layers of glass, some of different thicknesses, interlayered 
with PVB. When attacked, the outer layers on the side of the 
attack are broken by the bullet and absorb energy by 
becoming finely granulated. The inner layers absorb the shock 
waves. A special reduced-spalling grade of glass can be used 
to minimise the danger of glass fragments flying off from the 
rear face of the glass. Even after an attack, barrier protection is 
maintained and visibility (apart from the impact area) is 
unaffected. Bullet-resistant classifications are based on the type 
of weapon and calibre used, e.g. handgun, rifle or shotgun. 

Areas of use: banks; post offices; building societies; 
betting offices; wages and rent offices; cash desks; security 
vehicles; embassies; royal households; political and 
government buildings; airports; etc. 






GLASS 


asymmetric gtass build-up 



• weight of glass: the heavier the 
glass pane, normally the higher 
the acoustic insulation 

• the more elastic the pane <e.g. 
resin-filled cast-in-place), norm¬ 
ally the higher the acoustic 
insulation 

• the thicknesses of the inner and 
outer panes must be different; 
the greater the difference, 
normally the higher the acoustic 
insulation 


© 


Sound-control double-glazing unit 


type 

build-up outside, 
cavity inside 

thickness 

weight 

k value, gas-filled 

light 

transmittance 

gen. colour 
rendering index 

g value ! 

sound reduction, 

R w 

max. edge length 

max. area 

max. side prop. 

shading coeff. 


mm 

mm 

kg/m 2 

W/m 2 K 

% 

- 

% 

dB 

cm 

m 2 

_ 

_ 

37/22 

6/12/4 

22 

25 

2.9 

82 

97 

75 

37 

300 

4.0 

1:6 

0.86 

39/24 

6/14/4 

24 

25 

2.9 

82 

97 

75 

39 

300 

4.0 

1:6 

0.86 

40/26 

8/14/4 

26 

30 

2.9 

81 

97 

72 

40 

300 

4.0 

1:6 

0.83 

43/34 

10/20/4 

34 

35 

3.0 

80 

96 

69 

43 

300 

4.0 

1:6 

0.79 

44/38 

10/24/4 

38 

35 

3.0 

80 

96 

69 

44 

300 

4.0 

1:6 

0.79 


2/) Sound-control double-glazing units 


type 

build-up outside, 
cavity inside 

thickness 

weight 

k value, gas-filled 

light 

transmittance 

gen. colour 
rendering index 

g value 

sound reduction, 

K 

max. edge length 

max. area 

max. side prop. 

shading coeff. 


mm 

mm 

kg/m 2 

W/m 2 K 

% 

- 

% 

dB 

cm 

m 2 

_ 

_ 

45/30 CIP 

CIP 9.5/ 
15/6 

30 

40 

3.0 

78 

97 

64 

45 

200x 

300 

6.0 

1:10 

0.74 

47/36 CIP 

CIP 10/ 
20/6 

36 

40 

3.0 

78 

97 

64 

47 

200x 

300 

6.0 

1:10 

0.74 

50/40 CIP 

CIP 10/ 
20/10 

40 

50 

3.0 

77 

95 

62 

50 

200x 
300 

6.0 

1:10 

0.71 

53/42 CIP 

CIP 12/ 
20/10 

42 

55 

3.0 

75 

95 

60 

53 

200x 

300 

6.0 

1:10 

0.69 

55/50 CIP 

CIP 20/ 
20/10 

50 

75 

3.0 

72 

93 

54 

55 

200x 

300 

6.0 

1:10 

0.62 


3Jl Super sound-control double-glazing units 


Fire-resistant glass 

Fire resistance can be built up in two ways. One is a 
laminated combination of Georgian wired glass and float 
glass (or safety or security glass) with a PVB interlayer. The 
other way is to incorporate a transparent intumescent layer 
between the pre-stressed borsilicate glass sheets which, 
when heated, swells to form an opaque, fire-resistant 
barrier. Fire resistance of up to 2 h can be achieved. It must 
be remembered that in any given situation, the 
performance of the glazing depends on adequate support 
during the 'period of stability' prior to collapse. 

Areas of use: fire doors; partitions; staircase enclosures; 
rooflights and windows in hospitals; public buildings; 
schools; banks; computer centres; etc. {-^pp. 130-31.) 

Structural glazing 

There is an increasing demand for large, uninterrupted 
areas of glass on facades and roofs, and it is now possible 
to use the structural properties of glass to support, suspend 
and stiffen large planar surfaces. Calculation of the required 
glass strengths, thicknesses, support systems and fittings to 
combat structural and wind stresses has become a very 
specialised area (consult the glass manufacturer). A wide 
variety of glass types may be used, e.g. toughened and 
laminated, single and double glazed, with solar control or 
with thermal recovery twin glass walls. Panels as large as 
2m x 4.2m are possible. These are attached at only four, six 
or eight points and can be glazed in any plane, enabling 
flush glazing to sweep up walls and slopes and over roofs 
in one continuous surface. Various systems have been used 
to create stunning architectural effects on prestigious 
buildings throughout the world, even in areas which are 
prone to earthquakes, typhoons and hurricanes. 
Dimensional tolerances tend to be very small. For example, 
in a project for an art gallery in Bristol, UK, a tolerance of ±2 
mm across an entire frameless glass fagade 90m long and 
9m high has been achieved. The 2.7m x 1.7m glass fagade 
panels are entirely supported on 600mm wide structural 
glass fins. 

Sound-control glass -»©-(§) 

Compared with monolithic glass of the same total 
thickness, all laminated glass specifications provide an 
increased degree of sound control and a more consistent 
acoustic performance. The multiple construction dampens 
the coincident effect found in window glass, thus offering 
better sound reduction at higher frequencies, where the 
human ear is particularly sensitive. The cast-in-place type of 
lamination is particularly effective in reducing sound 
transmittance. 

Sealed multiple-glazed insulating units and double 
windows, particularly when combining thick float glass (up 
to a maximum of 25 mm) and thinner glass, effectively help 
to dampen sound. 

Areas of use: windows and partitions in offices; public 
buildings; concert halls; etc. 

Other types of glass 

There are other types of glass which have been developed 
especially for certain situations. Shielding glass has a 
special coating to provide electronic shielding. Ultra-violet 
light-control glass has a special interlayer which reflects up 
to 98% of UV rays in sunlight. Various mirror-type glasses 
are used in surveillance situations, e.g. one-way glass 
(which requires specific lighting conditions) or Venetian 
striped mirrors with strips of silvering (any lighting 
conditions). 
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ITIFICIAL LI6HTIN6 
IB DAYLIGHT 


GLASS 


glass pattern 

colour 

thickness 

double-glazing 

unit 

max. 

aspect 

ratio 

with 

12mm 

cavity 

max. 

size 

(mm) 

st rue 

direction 

ure 

side 

(cm) 

old German 

yellow, clear 

4 

A 

X 

1:6 

150 x 210 

old German K, 
short side >250mm 

clear, yellow, 
bronze, grey 

4 




:6 

150 x 210 

ox eye glass 

yellow, clear 

6 


o 


:6 

150x210 

chinchilla 

bronze, clear 

4 

A 

X 


:6 

156x213 

Croco 129 

clear 

4 

x 

* 


:6 

156 x 213 

Delta 

clear, bronze 

4 

x 

* 


:6 

156 x 213 

Difulit 597 

clear 

4 

X 

x 


:6 

150 x 210 

wired Difulit 597 

clear 

7 

X 

x 

1 

10 

150 x 245 

wired glass 

clear 

7 

X 

x 

1 

10 

186 x 300 

wired glass’ 

clear 

9 

x 

X 

1 

10 

150 x 245 

wired optical 

clear 

9 

- 

o 

1 

10 

150 x 300 

wired ornamental 187 
(Abstracts 

clear, bronze 

7 

u 

o 

1:10 

180 x 245 

wired ornamental 521. 523 

clear 

7 

X 

o 

1:10 

180 x 245 

wired ornamental 

Flora 035 * Neolit 

clear 

7 

A 

X 

1:10 

180 x 245 

Edelit 504. 
one or both sides 

clear 

4 

A 

X 

1:6 

150 x 210 

Flora 035 

bronze, clear 

5 

A 

X 

1:6 

150 x 210 

antique cast 

yellow, grey, clear 

4 

x 

X 

1:6 

150 x 210 

antique cast 1074.1082.1086 

grey 

4 

X 

X 

1:6 

126 x 210 

Karolit double-sided 

clear 

4 

A 

X 

1:6 

150 x 210 

cathedral large and small 
hammered 

clear 

4 


X 


:6 

150 x 210 

cathedral 102 

yellow 

4 

X 

X 


:6 

150 x 200 

cathedral 1074, 1082, 1086 

grey 

4 

X 

X 

1 

:6 

150x210 

basket weave 

clear, yellow 

4 

A 

o 

1 

:6 

150 x 210 

beaded 030 

clear 

5 

A 

X 


:6 

150x 210 

Usual 

clear 

4 

A 

o 


:6 

150 x 210 

Maya 

clear, bronze 

5 


o 


:6 

156x213 

Maya opaque 

clear, bronze 

5 

x 

o 


.6 

156x 213 

Neolit 

clear 

4 

A 

o 


6 

150x210 

Niagra 

yellow, bronze, clear 

5 

A 

o 


10 

156x213 

Niagra opaque 

clear 

5 

A 

X 


10 

156 x 213 

ornament 134 (Nucteo) 

bronze, clear 

4 

A 

X 


6 

150 x 210 

ornament 178 (Silvit) 

bronze, clear 

4 

A 

X 


6 

150 x 210 

ornament 187 (Abstract©) 

yellow, bronze, clear 

4 

! [J 

o 


6 

150 x 210 

ornament 502, 504. 520 

clear 

4 

x 

X 


6 

150x 210 

ornament 521, 523 

clear 

4 

X 

o 


6 

' 150x210 

ornament 523 

yellow 

4 

X 

X 


6 

150x210 

ornament 528 

clear 

4 

X 

o 


6 

150 x 210 

ornament 550, 552, 597 

clear 

4 

X 

X 


6 

150x210 

patio 

bronze, clear 

5 

A 

o 

1 

10 

; 156x213 

hammered crude glass 

clear 

5 

X 

- 

1 

10 

; 186 x 300 

hammered crude glass 

clear 

7 

X 

X 

1 

10 

! 186 X 450 

Tigris 003 

clear 

5 

A 

X 

1 

6 

150x210 

. j = structured surface either way x = structured surface either side 

A = structured surface vertical O = structured surface outside only 

11 wired glass in rooflights, max. aspect ratio 1:3 


1 J Cast glass combinations 


The term cast glass is given to machine-produced glass 
which has been given a surface texture by roiling. It is not 
clearly transparent -> (T). Cast glass is used where clear 
transparency in not desired (bathroom, WC) and where a 
decorative effect is required. The ornamental aspects of 
cast glass are classified as clear and coloured ornamental 
glass, clear crude glass, clear and coloured wired glass, and 
clear and coloured ornamental wired glass. Almost all 
commercially available cast glass can be used in double- 
glazing units -* ©. 

Normally, the structured side is placed outside in order 
to ensure a perfect edge seal. So that double-glazing units 
may be cleaned easily, the structured side is placed towards 
the cavity. This is possible only with lightly structured glass. 
Do not combine coloured cast glass with other coloured 
glasses such as float, armoured or laminated glass, or with 
coated, heat-absorbing or reflective glass. 


glass type 

nominal 

thickness 

(mm) 

tolerance 

(mm) 

max. dimensions 

(cm x cm) 

agricultural glass 
(standard sizes) 

3 

±0.2 

48 x 120 73 x 143 

46 x 144 73 x 165 

60 x 174 60 x 200 

4 

±0.3 


Glass entrance screens consist of one or several glass 
doors, and the side and top panels. Other possibilities are 
sliding, folding, arched and half-round headed entrance 
screens. Various colours and glass structures are available. 
The dimensions of the doors are the same as those of the 
frame -> (3) - (5). When violently smashed, the glass 
disintegrates into a network of small crumbs which loosely 
hang together. Normal glass thicknesses of 10 or 12 mm are 
used, and stiffening ribs may be necessary, depending on 
the structural requirements. 










size 1 

size II 

size Hi 

standard door leaf, 
overall dimensions 

709 x 1972 mm 2 

834 x 1972 mm 2 

959 x 1972 mm 2 

frame rebate 
dimensions 

716 x 1983 mm 2 

841 x 1983 mm 2 

966 x 1983 mm 2 

structural 
opening sizes 

750 x 2000 mm 2 

875 x 2000 mm 2 

1000 x 2000 mm 2 


special sizes are possible up to dimensions of: 

1000 x 2100 mm 2 
1150 x 2100mm 2 

Glass doors, standard sizes 


glass type 

glass 

maximum 

thickness 


thickness 

sizes 

tolerances 


(mm) 

(mm 2 ) 

(mm) 

clear, grey, bronze 

10 

12 

2400 x 3430 

2150 x 3500* 

± 0.3 

OPTIWHITE® 

10 

2400 x 3430 

± 0.3 


10 

2150 x 3500' 

structure 200 

10 

1860 x 3430 

± 0.5 


10 

1860 x 3500' 

bamboo, chinchilla 

8 

1700 x 2800 

± 0.5 

clear/bronze 

8 

1700 x 3000' 
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(2^) Agricultural glass 


5 J Glass entrance screens (side and top panels) 










GLASS 

Glass Blocks 



[ A = n, b + n 2 ■ a | n, = number of blocks (a) 

r ““g“_ ^ + 2 q — j n ? " number of joints (b) 

\n~ - c = 8.5 cm 

r H= A+ c+ d i d =65cm 

formula to calculate the minimum structural opening 
(jP) Standard dimensions for glass block walls 





1 slip joint 

2 expansion joint, 
e.g. rigid foam 

3 flexible sealing 

4 plaster 

5 aluminium 
window sill 

6 L section 

7 anchor or peg 


built into an internal rebate 

IPs 



built onto a fagade with angle anchoring 
plan 




Constructional examples of 
glass block walls 




Glass blocks are hollow units which consist of two sections 
melted and pressed together, thereby creating a sealed air 
cavity. Both surfaces can be made smooth and transparent, 
or very ornamental and almost opaque. Glass blocks can be 
obtained in different sizes, coated on the inside or outside, 
uncoated, or made of coloured glass. They can be used 
internally and externally, e.g. transparent screen walls and 
room dividers (also in gymnastic and sports halls), 
windows, lighting strips, balcony parapets and terrace 
wails. Glass blocks are fire-resistant up to G 60 or G 120 
when used as a cavity wall with a maximum uninterrupted 
area of 3.5m 2 , and can be built either vertically or 
horizontally. Glass blocks cannot be used in a load-bearing 
capacity. 

Properties: good sound and thermal insulation; high 
light transmittance (up to 82%), depending on the design; 
can have translucent, light scattering and low dazzle 
properties; can also have enhanced resistance to impact 
and breakage. A glass block wall has good insulation 
properties: with cement mortar, k = 3.2W/m 2 K; with 
lightweight mortar, k = 2,9W/m 2 K. 




65cm min. radius 
11.5cm nominal 
block size 


105cm min. radius 
19cm nominal 
block size 


_ 135cm min. radius 

c _ 15^ 24.0cm nominal 

block size 


smallest radius R with glass thickness 8cm 
joints must be < 1.0cm wide 

glass block 
nominal size 

11.5cm 

19.0cm 

24.0cm 

joint width 
c = 1.5cm 

200.0cm 

295.0cm 

370.0cm 

joint width 

C = 1.8cm 

95.0 cm 

180.0cm 

215.0cm 

joint width 
c = 2.3cm 

65.0cm 

105.0cm 

135.0cm 


© 


Minimum radii of glass block walls 



© 


Dimensions of glass block walls 


arrangement 
of joints 

thickness 

(mm) 

wall din 
shorter 
side (m) 

nensions 
longer 
side (m) 

wind load 
(kN/m 2 ) 

vertical 

>80 

<1.5 

-1.5 

- 0.8 

offset (bonded) 

<6.0 




Permissible limits for unreinforced glass block walls 



171 


AND DAYI 






















GLASS 


6K- 220 

—H6 





I NP 2 

J 141 

K 22/41/6 

71. 218 

—H 7 


232 






„ 250 



|sP 2 

J I 60 

K 22/60/7 

6 H- 

—h6 


232 



|NP 26 

L 

i—1 

-t*. 

K 25/41/6 

7 1, 248 

_ U "7 


l 262 

_ i 


/ H- 

-H / 


319 



|sP 26 

J I 60 

K 25/60/7 


—-- H6 


262 

t 


|NP 3 

_| ]> 

K 32/41/6 

7H — 317 

_ H7 


{ 331 

-H 






486 

K 50/416 

1 

_II 60 

K 32/60/7 

6 H--- 

.'- 

-*16 

, . 331 



|NP 5 

498 

_Jl41 

NP/SP = Reglit 




- H 

K = Profilit 



© 


Profiled glass - sections 


height from 


y 






V 


] 



L 

V 



y 

ll 

ground level 








to top of 
glazed opening 

up to 
8m 

up to 
20 m 

up to 
100 m 

up to 
8m 

up to 
20 m 

up to 
100 m 

up to 
8m 

up to 
20 m 

up to 
100 m 

glass type -> (T) 

L # 

L* 

L* 

L* 

C 

L* 

L* 

L* 

L* 

NP2 

K22/41/6 

3.25 

2.55 

2.20 

4.35 

3.45 

2.95 

4.60 

3.65 

3.10 

NP26 

K25/41/6 

3.05 

2 40 

2.05 

4.10 

3.25 

2.75 

4.35 

3.45 

2.90 

NP3 

K32/41/6 

2.75 

2.20 

1.85 

3.70 

2.95 

2.50 

3.90 

3.10 

2.65 

NP5 

K50/41/6 

2.30 

1.80 

1.55 

3.05 

2.40 

2.00 

3.25 

2.55 

2.15 

SP2 

K22/60/7 

5.15 

4.05 

3.45 

6.65 

5.45 

4.65 

7.00 

5.75 

4.90 

SP26 

K25/60/7 

4.85 

3.85 

3.25 

6.55 

5.15 

4.40 

6.90 

5.45 

4.65 

K32/60/7 

4.40 

3.45 

2.95 

5.85 

4.55 

3.90 

6.20 

4.90 

4.15 


(^) Sheltered buildings (0.8 - 1.25g) 





h/a 

= 0.25; -(1.5»q) 



H/a 

= 0.5; -(1.7 

•q) 


height from 


„ 




©H 


■ | 


if 





' 1 











ground level 
to top of 


up to 

up to 

up to 

up to 

up to 

up to 

up to 

up to 

up to 

up to 

up to 

up to 

glazed opening 

8 m 

20 m 

100 nr 

8m 

20 m 

100m 

8m 

20 m 

100m 

8m 

20 m 

100 m 

glass type 

© 

L* 

L* 

L* 

L* 

L* 

L # 

L* 

L # 

L* 

L* 

L* 

L* 

NP2 


2.60 

2.10 

1.75 

3.75 

2.95 

2.50 

2.45 

1.95 

1.65 

3.50 

2.75 

2.35 

K22/41/6 

NP26 


2.50 

1.95 

1.70 

3.50 

2.80 

2.35 

2.35 

1.85 

1.60 

3.30 

2.65 

2.20 

K25/41/6 
NP3 


2.20 

1.75 

1.50 

3.15 

2.50 

2.15 

2.10 

1.65 

1.45 

2.95 

2.35 

2.00 

K32/41/6 

NP5 

K50/41/6 


1.85 

1.45 

1.25 

2.60 

2.10 

1.75 

1.75 

1.35 

1.15 

2.45 

1.95 

1.65 

SP2 


4.20 

3.30 

2.80 

5.95 

4.65 

3.95 

3.95 

3.10 

2.65 

5.55 

4.40 

3.70 

K22/60/7 
SP26 


3.95 

3.10 

2.65 

5.60 

4.40 

3.80 

3.70 

2.90 

2.60 

5.25 

4.15 

3.55 

K25/60/7 

K32/60/7 


3.60 

2.80 

2.40 

5.00 

4.00 

3.40 

3.35 

2.65 

2.25 

4.75 

3.75 

3.20 
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Exposed buildings 


L = length of glass units (m) 


light transmittance 
sound reduction 

thermal insulation 


(T) Physical data 


single-glazed 

double-glazed 

single-glazed 

double-glazed 

triple-glazed 

single-glazed 

double-glazed 


up to 89% 
up to 81% 
up to 29 dB 
up to 41 dB 
up to 55 dB 
k = 5.6W/m 2 K 
NP k = 2.8W/m 2 K 
SP k = 2.7W/m 2 K 


A = single-glazed, flange external 

nnn 

B = single-glazed, flange internal 


rn —it— ir 


r~r^r~r~ 

C = single-glazed, flange external and internal 




E-l - double-glazed, alternative forms 


© 


Possible combinations 


Profiled glass is cast glass produced with a U-shaped 
profile. It is translucent, with an ornamentation on the 
outside surface of the profile, and conforms to the 
properties of cast glass. 

Low maintenance requirements. Suitable for lift shafts 
and roof glazing. Rooms using this glass for fenestration 
are rendered dazzle-free. 

Special types: Profilit-bronze, Cascade, Topas, Amethyst. 
Heat-absorbing glass Reglit and Profilit 'Plus 1.7' attain a k 
value of 1.8 W/m 2 K. 

Solar-control glass (Type R, 'Bernstein'; Type P, 'Antisol'), 
which reflects and/or absorbs ultra-violet and infra-red 
radiation, can be used to protect delicate goods which are 
sensitive to UV radiation. The transmission of radiant 
energy into the room is reduced, as is the convection from 
the glazing, whilst the light transmission is maintained. 

For glazing subject to impacts, e.g. in sports halls, 
Regulit SP2 or Profilit K22/60/7 without wire reinforcement 
should be used. 

Regulit and Profilit are allowed as fire-resistant glass A 
30. Normal and special profiles are also available reinforced 
with longitudinal wires. 


55(60) nominal size 55(60) 

i—I 1 - 1 t- 


inui_ 


•«ll 

__ 65(85) 

CM 

All 

< 

A 

A 

25 

i—!-1- 

B 

* 





n U 


double-glazed 


_y — u- 

H 


single-glazed 
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Building dimensions 


H 


CM 


A = nominal unit 

dimension plus joint 



B = overall frame width 
C = overall frame height 
L = length of glass 
= units of 25cm 
indication of 
width and height 
width B = n.A + 5cm 


height H = L + 4cm 



(a) single bends as sections of a 
circle with and without straight 
sections 

(b) double or multiple bends with 
identical or different radii 

<c) sine curve bends 

(d) 'S' bends 

(e) 'U' bends with or without 
straight sections 


© 


Bent forms 


practical examples of possible bent forms using ornamental glass 




unfolded 
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GLASS 




© 


Glazing 


with fire-protection class G 


Fire-resistant glass 

Normal glass is of only limited use for fire protection. In 
cases of fire, float glass cracks in a very short time due to 
the one-sided heating, and large pieces of glass fall out 
enabling the fire to spread. The increasing use of glass in 
multistorey buildings for fagades, parapets and partitions 
has led to increased danger in the event of fire. In order to 
comply with building regulations, the fire resistance of 
potentially threatened glazing must be adequate. The level 
of fire resistance of a glass structure is classified by its 
resistance time: i.e. 30, 60, 90, 120 or 180min. The fire 
resistance time is the number of minutes that the structure 
prevents the fire and combustion gasses from passing 
through. The construction must be officially tested, 
approved and certificated ©. 

Fire-resistant glass comes in four forms: wired glass with 
point-welded mesh, maximum resistance 60-90 min; 
special armoured glass in a laminated combination with 
double-glazing units; pre-stressed borosilicate glass, e.g. 
Pyran; multi-laminated panes of float glass with clear 
intumescent interlayers which turn opaque on exposure to 
fire, e.g. Pyrostop. (-> pp. 130-31) 

Glass blocks with steel reinforcement 

Fire-resistant, steel-reinforced glass blocks can, as with all 
other glass block walls, be fixed to the surrounds with or 
without U sections. All other types of fixing methods are 
also applicable. Because of the strongly linear spread of fire 
and the production of combustion gases, fire-resistant glass 
block walls should be lined all round with mineral fibre 
slabs (stonewool) •» ( 3 ). 


resistance class 1 

G 60 

G 120 

G 90 

G 120 

F 60 

glazing size <m 2 ) 

3.5m 2 

2.5m 2 

9.0 m 2 

4.4m 2 

4.4m 2 

max. element height 

1 

3.5m 

3.5m 

3.5m 

3.5m 3.5m 

max. element width 

1 

6.0m 

6.0 m 

6.0m 

6.0 m 6.0 m 

sill height needed 

1.8m 

1.8m 

none 

none 

none 

type of glazing 

single 

skin 

double 

skin 

single 

skin 

double 

skin 

double 

skin 

glass block format 

190v190x80 

190x190x80 

190x190x80 

190x190x80 

190x190x80 



3 flat steel strips to fix the glass 

QT) Edge details, fire-protection glazing block waiI {welded) 


Sound reduction 

Because of its weight, a glass block wall has particularly 
good sound insulation properties: 

1.00kN/m 2 with 80mm glass blocks; 

1.25kN/m 2 with 100mm glass blocks; 

1.42kN/m 2 with special BSH glass blocks. 

To be effective, the surrounding building elements must 
have at least the same sound reduction characteristics. 
Glass block construction is the ideal solution in all cases 
where good sound insulation is required. In areas where a 
high level of sound reduction is necessary, economical 
solutions can be achieved by using glass block walls to 
provide the daylight while keeping ventilation openings and 
windows. These can serve as secondary escape routes if 
they conform to the minimum allowable size. 

Follow the relevant regulations with regard to sound 
reduction where the standards required for particular areas 
can be found. The sound reduction rating (R'w) can be 
calculated from the formula R'w = LSM + 52dB (where LSM 
is the reduction value of airborne sound) -> (§). Single-skin 
glass block walls can meet the requirements of sound 
reduction level 5 -> (§). 


type of room 

permitted maximum sound levels in 
rooms from outside noise sources 
mean levels* mean max. levels 

1 

living rooms in apartments, 
bedrooms in hotels, wards in 
hospitals and sanatoriums 

day 30-40 dBIA) 
night 20-30dB{A) 

day 40-50dB(A) 
night 30-40dB(A) 

2 

classrooms, quiet individual offices, 
scientific laboratories, libraries, 
conference and lecture rooms, doctors' 
practices and operating theatres, 
churches, assembly halls 

30-40dB<A) 

40-50 dB( A) 

3 

offices for several people 

35-45 dB(A) 

45-55dB(A) 

4 

open-plan offices, pubs/restaurants, 
shops, switchrooms 

40-50dB(A) 

50-60 dB( A) 

5 

entrance halls, waiting rooms, 
check in/out halls 

45-55dB{A) 

55-65 dB( A) 

6 

opera houses, theatres, cinemas 

25dB(A) 

35dB{A) 

7 

recording studios 

take note of special requirements 


equivalent maximum permitted constant level 



noise source 

distance from window 
to centre of road 

recommended standard sound 
reduction levels for standard 
categories of room use 

12 3 4 

motorways, 

25 m 

4 

3 

2 

1 

' 

average traffic 

80 m 

3 

2 

1 

0 



250 m 

1 

0 

0 

0 


motorways, 

25 m 

5 

4 

3 

2 


intensive traffic 

80 m 

4 

3 

2 

1 



250 m 

2 

1 

0 

0 


main roads 

8m 

3 

2 

1 

"o 



25 m 

2 

1 

0 

0 



80 m 

1 

0 

0 

0 


secondary roads 

8m 

2 

1 

0 

0 



25m 

1 

0 

0 

0 



80 m 

0 

0 

0 

0 


main roads in 

small building 

5 

5 

4 

3 


city centres 

intensive traffic 







large building 

4 

4 

3 

2 



average to 







intensive traffic 







Recommended standard sound-reduction levels for standard 
^ categories of room use subjected to traffic noise 


sound- 

reduction 

level 

R w 


6 

> 50 dB 

for double-skinned glass 
block watls/windows 

5 

45- 49dB 

for single skinned 
glass block areas 

4 

40-44dB 

for single-skinned 
glass block areas 

3 

35-39 dB 


2 

30-34 dB 


1 

25-29 dB 


0 

" 25dB 



© 


Standard sound-reduction 
levels for windows 


glass block 

format 

(mm) 

airborne 
sound 
reduction 
value (LSM) 

sound 

reduction 

rating 

(R' w ) 

190 x 190x80 

- 12 dB 

40 dB 

240 x 240 x 80 

- 10dB 

42 dB 

240 x 115x80 

- 7 dB 

45 dB 

300 x 300 x 100 

- 11 dB 

41 dB 

double¬ 
skinned 
wall with 

240 x 240 * 80 

- 2 dB 

50 dB 


(T) Glass block areas 
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PLASTICS 




’ 9 ''^ Supports with plastic /^q) Supporting elements with 

sheeting ' plastic sheeting 



(l 4) Skeletal supporting structure 


Surface structures (shells) 




Plastics, as raw material (fluid, powdery or granular), are divided into 
three categories: (1) thermosetting plastics (which harden when heated); 
(2) thermoplastics (which become plastic when heated); (3) elastomers 
(which are permanently elastic). Plastics are processed industrially using 
chemical additives, fillers, glass fibres and colorants to produce semi¬ 
finished goods, building materials, finished products . (T) - (§). 

The beneficial characteristics of plastics in construction include: water 
and corrosion resistance, low maintenance, low weight, colouring runs 
throughout the material, high resistance to light (depending on the type), 
applications providing a durable colour finish on other materials (e.g. as 
a film for covering steel and plywood * (4) etc.). They are also easy to 
work and process, can be formed almost without limits, and have low 
thermal conductivities. 

Double-skinned webbed sections are available in a wide range of 
thicknesses, widths and lengths. Being translucent, these sections are 
suitable for roof or vertical glazing. These are permeable to light . (3). 

The large number of trade names can be bewildering so designers 
must refer to the international chemical descriptions and symbols when 
selecting plastics, to ensure that their properties match those laid down 
in standards, test procedures and directives. The key plastics in 
construction, and their accepted abbreviations, are: 


ABS = acrylonitrile- 

butadiene-styrene 
CR = chloroprene 

EP - epoxy resin 

EPS = expanded polystyrene 

GRP = glass fibre-reinforced 

plastic 

GR-UP = glass fibre-re info reed 
polyester 

HR = butyl rubber 

MF = melamine formaldehyde 

PA = polyamide 


PC 

= polycarbonate 

PE 

= polyethylene 

PIB 

= polyisobutylene 

PMMA 

= polymethyl 
methacrylate (acrylic 
glass) 

PP 

= polypropylene 

PS 

- polystyrene 

PVC 

= polyvinyl chloride, 
hard or soft 

UP 

= unsaturated polyester 


resin 


The plastics used to produce semi finished materials and finished 
components contain, as a rule, up to 50% filling material, reinforcement 
and other additives. They are also significantly affected by temperature 
so an in service temperature limit of between 80° and 120° should be 
observed. This in not a serious problem given that sustained heating to 
above 80° is found only in isolated spots in buildings (e.g., perhaps 
around hot water pipes and fires). Plastics, being organic materials, are 
flammable. Some are classed as a flame inhibiting structural material; 
most of them are normally flammable; however, a few are classed as 
readily flammable. The appropriate guidelines contained in the regional 
building regulations for the application of flammable structural materials 
in building structures must be followed. 


Classification of plastic products for building construction 

(1) Materials, semi-finished: 1.1 building boards and sheets; 1.2 rigid 
foam materials, core layers; 1.3 foam materials with mineral additions 
(rigid foam/fight concrete); 1.4 films, rolls and flat sheets, fabrics, 
fleece materials; 1.5 floor coverings, artificial coverings for sports 
areas; 1.6 profiles (excluding windows); 1.7 pipes, tubes and 
accessories; 1.8 sealing materials, adhesives, bonding agents for 
mortar, etc. 

(2) Structural components, applications: 2.1 external walls; 2.2 internal 
walls; 2.3 ceilings; 2.4 roofs and accessories; 2.5 windows, window 
shutters and accessories; 2.6 doors, gates and accessories; 2.7 
supports. 

(3) Auxiliary items, small parts, etc.: 3.1 casings and accessories; 3.2 
sealing tapes, flexible foam rolls and sheets; 3.3 fixing devices; 3.4 
fittings; 3.5 ventilation accessories (excluding pipes); 3.6 other small 
parts. 

(4) Domestic engineering: 4.1 sanitary units; 4.2 sanitary objects; 4.3 
valves and sanitary accessories; 4.4 electrical installation and 
accessories; 4.5 heating. 

(5) Furniture and fittings: 5.1 furniture and accessories; 5.2 lighting 
systems and fittings. 

(6) Structural applications; 6.1 roofs and supporting structures, 
illuminated ceilings; 6.2 pneumatic and tent structures; 6.3 heating oil 
tanks, vessels, silos; 6.4 swimming pools; 6.5 towers, chimneys, 
stairs; 6.6 room cells; 6.7 plastic houses. 

Construction using plastics is best planned in the form of panel structures 
(shells). These have the advantage of very low weight, thus reducing 
loading on the substructure, and also offer the possibility of prefabricated 
construction ♦ @ - (g). Structures in plastics (without the use of other 
materials) at present only bear their own weight plus snow and wind 
loads, and possibly additional loads due to lighting. This allows large 
areas to be covered more easily > (®) - 
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Concrete shell (Schott Jena, 
1925): 450 kg/m 2 


Hall supported by air 
pressure, Forossa, Finland 
(1972): 1.65 kg/m 2 










SKYLIGHTS AND DOME ROOFLIGHTS 


with solid or ventilated curb 


60 x 60 

80 - 80 

90 x 90 
1.00 ^ 1.00 
1.00 * 2.00 
1.20 , 1.20 
1.20 * 1.80 

1.20 x 2.40 
1.25 - 2.50 
1.50 v 1.50 
1.50 x 1.80 
1.50 x 2.40 

1.80 x 1.80 

1.80 x 2.40 
1.80 x 2.70 
1.80 x 3.00 

2.20 x 2.20 

2.50 x 2.50 

round domes: 60, 90, 100, 
220, 250cm dia. 

120, 150, 180, 


'Normal' dome rooflight 


A 

B 

C 

D 

40 

70 

80 

1.00 

1.30 

60 x 60 

90 x 90 

1.00 x 1.00 
1.20 x 1.20 

1.50 x 1.50 

1.6 

1.7 

2.20 

2.30 

2.40 

1.80 x 1.80 

2.00 x 2.00 

2.00 x 2.20 

2.50 x 2.50 
' 2.70 x 2.70 


(3^) Pyramid rooflight 


50 x 1.00 

1.00 x 1.00 

o 

Lf) 

o 

50 x 1.50 

1.00 x 1.50 

1.20 x 2.40 

60 x 60 

1.00 x 2.00 

1.50 x 1.50 

60 x 90 

1.00 x 2.50 

1.50 x 3.00 

90 x 90 

1.00 x 3.00 

1.80 x 2.70 


© Dome rooflight with high 
curb 


X. _ 

M7_ 



A = 

rooflight area 

B = 

roof opening 

72 x 1.20 x 1.08 

72 x 2.45 x 2.30 

75 x 1.16 x 76 

1.25 x 1.25 

1.25 x 2.50 

1.50 x 1.50 


(J) North light dome 


Domes, skylights, coffers, smoke vents and louvres, as fixed or 
moving units, can be used for lighting and ventilation, and for 
clearing smoke from rooms, halls, stair wells etc. All these can 
be supplied in heat-reflecting Plexiglas if required. 

By directing the dome towards the north (in the northern 
hemisphere), sunshine and glare are avoided -> The use of 
high curb skylights --> © will reduce glare because of the sharp 
angles of incidence of the sunlight. Dome rooflights used for 
ventilation should face into the prevailing wind in order to 
utilise the extraction capacity of the wind. The inlet aperture 
should be 20% smaller than the outlet aperture. Forced 
ventilation, with an air flow of 150-1000m 3 /h, can be achieved 
by fitting a fan into the curb of a skylight * ©. Dome rooflights 
can also be used for access to the roof. 

Attention should be given to the aerodynamic extraction 
surfaces of smoke exhaust systems. Orientating each extraction 
unit at an angle of 90° from the adjacent one will allow for wind 
coming from all directions. Position to leeward/windward if 
pairs of extraction fans are to be mounted in line with or against 
the direction of the prevailing wind. 

Smoke extraction vents are required for stair wells more 
than four complete storeys high. Variable skylight aperture 
widths up to 5.50m are available, as is a special version up to 
7.50m wide which does not need extra support. 

Skylight systems offer diffuse room lighting which is free 
from glare -» North-facing skylights with spun glass fibre 
inlays guarantee all the technically important advantages of a 
workshop illuminated by a north light -> Traditional flat roofs 
can be modified to admit a north light by inserting skylights 
with curbs. 






1—1.50 6 50 —I 


(?) Cont,nuous multiple barrel ((T) Continuous barrel skylight (T) Continuous double-pitched 

skylights 


Continuous mono-pitched 
skylight 






7g) Monitor rooflight with 
inclined panes 


Monitor rooflight with 
vertical panes 


60° saw-tooth north light 


M 2 ) 90 ° vertical saw-tooth north 
W light 


angle of incidence 
of sun's rays 



light transmission 
76% 


1 - up to 1.50 .< 25 mm 96 % 4% H 

1 15) 2 50 130 mm heat insulation in area of 

* 2 51 3 60- 1 40 mm shadow of spun glass inlay 

* ---- 3 61 4 50 -170 mm 

* - 4 51 6 50 -1 90 mm 

^ unit 

©y Saw-tooth glass fibre-reinforced polyester skylight 



% 1 50 —* 25 mm 

-1.51 3.00- 1 30 mm 

3.01 4.00 -(40 mm 

~ 4.01 5 50-(70 mm 

--- 5 51 7 50- 


(l4) Double-skinned rooflight units 
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angle of incline of window /JJJN > angle of incidence 


WINDOWS: SIZES 



If daylight is considered to be essential for the use to which 
a room will be put, then windows are an unavoidable 
necessity. Simple apertures for daylight have developed 
into significant stylistic features, from Romanesque semi¬ 
circular arched windows to Baroque windows surrounded 
by rich, elaborate decoration. In the European cultural 
region lying north of the Alps, window forms reveal 
particularly strong features. In contrast to the climatically 
favoured cultural region of the Mediterranean, daily life 
here mainly had to be spent indoors. The people were thus 
dependent upon daylight because artificial light was 
expensive and good illumination of a room during the 
hours of darkness was beyond the means of most of the 
local population. 

Every work area needs a window leading to the outside 
world. The window area which transmits light must be at 
least V 20 of the surface area of the floor in the work space. 
The total width of all the windows must amount to at least 
V 10 of the total width of all the walls, i.e. V 10 <M + N + O + P) 

For workrooms which are 3.5m or more high, the light 
transmission surface of the window must be at least 30% of 
the outside wall surface, i.e. > 0.3 A x B ( 2 ). 

For workrooms with dimensions similar to those of a 
living room, the following rules should be applied. 

Minimum height of the glass surface, 1.3 m -> ®. 

Height of the window breast from the ground, > 0.9m. 

The total height of all windows must be 50% of the width 
of the workroom, i.e. G = 0.5R -> 


© 


Section of facade 


© 


Width of the window 
aperture Q > 0.5 R 


Example -» (5) 



5 10 15 20 25% 

_ t> window size as % of room floor a rea 

Window sizes in domestic buildings 



A For a flat, angle of incidence of 
tight 18°-30° 

B Necessary window size for the 
living room 

C 17% of the room floor surface area 
is sufficient for the size of 
the windows. 

The slope of the roof surface 
is known. A skylight with a slope 
of 0° needs to be only 20% of the 
size of a vertical window to make 
the room equally bright - however, 
there is no view. Windows are 
generally the poorest point in 
terms of heat insulation. For this 
reason, it is convenient to fit the 
room with smaller windows, as long 
as the solar heat gain through the 
windows is discounted. 

As well as the window size and 
the slope of the window surface, 
the siting of the house plays an 
important role. A free-standing 
house admits more light with the 
same surface area of windows than 
a house in the city centre. 

Example .©-(7) 

A Slope of a roof window of 40° 

B The house is not free standing, 
but is also not in heavy shadow 

C 10% of the room floor surface area 
is sufficient for the size of the 
windows. 



When calculating the 
window size for a living 
room, both the floor area of 
the room and the angle of 
incidence of the light must 
be taken into account (§). 
Here, 'a' is the minimum 
window size for a living 
room as a percentage of the 
floor area of the room, 'b' is 
the minimum size for a 
kitchen window and 'c' is 
the minimum size for all 
other rooms. The angle of 
incidence of the light is 'd'. 
The larger the angle of 
incidence, the larger the 
windows need to be. This is 
because the closer the 
neighbouring houses are, 
and the higher they are, the 
greater the angle of 
incidence and the smaller 
the amount of light 
penetrating into the house. 
Larger windows will com¬ 
pensate for this smaller 
quantity of light. 

Dutch regulations stip¬ 
ulate the sizes of windows 
in relation to the angle of 
incidence of the light. 



® 


Roof window 
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EFFECT ON WIDTH 



© 


With stone walls 



EFFECT ON HEIGHT 




WINDOWS: ARRANGEMENT 





VENTILATION 



HEATING 




(ij) Cold and warm air hitting the Built-in radiators (convectors) 

seated person (unhealthy) require entry/exit for air 


BLINDS AND CURTAINS 
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AMD ODORS 































WINDOWS: SHADING 


PROTECTION FROM THE SUN 



Internal Venetian blind: sun 
comes through window 
(not good) 




work fc-:] watt thickness 
table Dtfrf 

il 

Arrangement of single sun 
^ shades 




© Partly angled sun blind 


angle of sun a 1 unob- 
// / \ structed 

/ / 1 ' view 

angle of shadow a 





angles of sun a 1 and angle of shadow « 
are given for a south wall at latitude 50° 

north > (7) - (D 

21 June (summer solstice), midday 
a 1 = 63°; a = 27° 

1 May and 31 July, midday 
ot 1 = 50°; a = 40° 

21 March and 23 Sept (equinox), midday 
a 1 = 40°; a = 50° 

In general, projection P = tg angle 
of shadow « * height of window H; 
at the very smallest projection, 

P = (tg angle of shadow a x height of 
window H) - wall thickness D. 


Protection measures must 
prevent glare and regulate 
the inflow of heat from 
sunlight. In temperate 
climates, large window 
apertures with a high but 
diffuse incidence of light 
are preferred, whereas in 
hot climates, small window 
apertures still allow 
sufficient light to enter. 

Venetian blinds > @ 
(with flat slats of wood, 
aluminium or plastic), roller 
shutters, roller blinds and 
partially angled sun blinds 
are all useful and can be 
adjusted as required. Fixed 
external devices are clearly 
less flexible than retractable 
or adjustable ones. Vertical 
panel blinds •-> @ (either 
fixed or pivoting around the 
axis of the slat) are also 
suitable for tall or angled 
window surfaces. 

Heat rising up the face of 
a building should be able to 
escape, and not be blocked 
by external sun screens or 
allowed to enter the 
building via open skylights. 

Internal shades are less 
effective than external ones 
for reducing solar heat gain 
because the heat they 
absorb is released into the 
room. 




Blind alignment gives 
diffused light or shadow 
effect 




14 



Sun-blocking 

slats 



(16) Sun screen 


(^ 7 ) Partially 
^ angled blind 


Sloping and 
vertical blind 


19 


Cantilevered 

screen 


(20 


Projecting 

screen 


(19) Adjustable awning 


































































WAYS OF OPENING 


WINDOWS: TYPES AND DIMENSIONS 




Vertically 

sliding 



COORDINATING SIZES 



© 


Casement, 
bottom hung 




( tp) Horizontally 
pivoted 


Vertically 

pivoted 




Note: BS and module 100 metric range includes doors & 
associated mixed lights (not shown); f! = fixed lights 


Q 2 ) Ranges of steel windows to BS 990: Part 2 
and to 'Module 100 Metric Range' as given 
by Steel Window Association 



Note: This range also includes 1800 & 2100 h 

with fixed lights only: 2100 h include doors 


(13 


Metric preferred range of W20 
steel windows as specified by 


Steel Window Association 



(14 


Ranges of aluminium windows to BS 4873 - wide range of 
windows including vertically and horizontally sliding types 



Note: Above diagrams intended for general guidance on overall sizes only, no 
distinction made between types of opening light; some sizes, fixed lights 
only {designated fl) obtainable in standard ranges 


( 15 ) Dimensionally 
recommended 


coordinated metric sizes for wood windows 
by British Wood-working Federation 


as 
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AMD DOORS 



LOFT WINDOWS 




® 


Sliding windows; escape 


© 


Top-hung window with 
vertical unit @ 


O 30 >> <0 >> §0 



In planning the size of windows, the optimum daylight level 
relative to the purpose of the room must be the deciding 
factor. For instance, building regulations require a 
minimum window area of Vs of the floor surface area for 
living rooms -»(vj). 

Large windows make living rooms more comfortable. 
The window width in secondary rooms can be chosen 
according to the distance between the rafters. Generously 
wide windows in living rooms can be achieved by the 
inclusion of rafter trimmers. Steeper roofs need shorter 
windows, while flatter roofs require longer windows. Roof 
windows can be joined using purpose-made prefabricated 
flashing, and can be arranged in rows or in combinations 
next to or above one another -> @ + @ 



window size 

54/83 

54/103 

64/103 

74/103 

74/123 

74/144 

114/123 

114/144 

134/144 

surface area 
of light 
admission 
(m 2 ) 

0.21 

0.28 

0.36 

0.44 

0.55 

0.66 

0.93 

1.12 

1.36 

room size (m 2 ) 

2 

2-3 

3-4 

4-5 

6-7 

9 

11 

13 



© 


Calculation of window size, in relation to floor area 



(8) Section of built-in options 


© 


Horizontal section 


12 , 


Row of windows with 
vertical window units 


A 3 S Adjacent to/above one 
another 






































WINDOWS: CONSTRUCTION 



"0 Timber windows 









Wooden sections for turning, turn and tilt, and tilting 
windows have been standardised. Windows are classified 
according to the type of casement > ® - @ or the type of 
frame > ©-©. The many demands made on windows <e.g. 
protection against heat and noise) have resulted in a vast 
range of window shapes and designs -> ©- (5). Externally 
mounted windows and French windows must at the very 
least be fitted with insulation or double glazing. The 
coefficient of heat transfer of a window must not exceed 
3.1 W/m 2 K. 



A B 


C D E F 


G 


H 


T 

JL 

single 

window 




© 


Window types 



1 

2 

3 1 4 1 5 1 6 1 7 


description of glazing 

o> £ 

JP O 
0)0 

Cl 

CDCJ 

C w fo 
doors 
mater 

i 

1 

wind 
inclu 
al gro 

9 1 

2.1 

ows a 
jing fr 
up 2) V) 

9 9 

2.2 

nd Fre 
ames 
/m 2 K 

9 9 

2.3 

nch 

of 

i 

9 

3 

with use of normal glass 


1 

single glazing 

5.8 

5.2 

2 

double glazing: 6mm < gap < 8mm 

3.4 

2.9 

3.2 

3.3 

3.6 

4.1 

3 

double glazing: 8mm < gap < 10mm 

3.2 

2.8 

3.0 

3.2 

3.4 

4.0 

4 

double glazing: 10mm < gap < 8mm 

3.0 

2.6 

2.9 

3.1 

3.3 

3.8 

5 

triple glazing: 6mm < gap < 8mm (x2) 

2.4 

2.2 

2.5 

2.6 

2.8 

3.4 

6 

triple glazing: 8mm < gap < 10mm (x2) 

2.2 

2.1 

2.3 

2.5 

2.7 

3.2 

7 

triple glazing: 10mm < gap < 16mm (x2) 

2.1 

2.0 

2.3 

2.4 

2.7 

3.2 

8 

double glazing with 20 to 100 mm 
between panes 

2.8 

2.6 

2.7 

2.9 

3.2 

3.7 

9 

double glazing with single glazing unit 
(normal glass; air gap 10 to 16mm) with 
20 to 100mm between panes 

2.0 

1.9 

2.2 

2.4 

2.6 

3.1 

10 

double glazing with two double glazing 
units (air gap 10 to 15mm) with 

20 to 100 mm between the panes 

1.4 

1.5 

1.8 

1.9 

2.2 

2.7 

11 

glass brick wall with hollow glass bricks 






3.5 


11 for windows in which the proportion of frame makes up no more than 5% of the 
total area (e.g. shop window installations) the coefficient of thermal conductance 
C G can be substituted for the coefficient of thermal conductance C w 
2> the classification of window frames into frame material groups 1 to 3 is to be done 
as outlined below 

Group 1: Windows with frames of timber, plastic and timber combinations (e g. 

timber frame with aluminium cladding) without any particular 
identification or if the coefficient of thermal conductance of the frame is 
proved with test certificates to be C w < 2.0 Wm 2 K 1 
N.B. Sections for plastic windows are only to be classified under Group 
1 when the plastic design profile is clearly defined and any possible 
metal inserts serve only decorative purposes 
Group 2.1: Windows in frames of thermally insulated metal or concrete sections, 
if the coefficient of thermal conductance is proved with test 
certificates to be C F < 2.8 Wm 2 K 1 

Group 2.2: Windows in frames of thermally insulated metal or concrete sections, 
if the coefficient of thermal conductance is proved with test 
certificates to be 2.8 < C F < 3.6 Wnr 2 K 1 


o 


Aluminium windows 


© 


Values of thermal conductance for glazing and for windows and 
French doors including the frames 
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AMD DOORS 



WINDOWS: CONSTRUCTION 







4 \ Aluminium thermally separated 
'— composite casement window 



© 


Aluminium thermally separated 
sliding window {up to 35 dB) 


© 


Aluminium/timber combination 
casement window {up to 40 dB) 



© 


{up to 42 dB) 

Coordinating sizes of 
(horizontally and 
vertically) aluminium 
sliding windows to 
BS 4873 



Plastic double glazed window, 
^ composite casement, intra¬ 
pane sun screen {up to 45 dB) 

8 2 2 2 0 o o 

o o o o o o 


ran 

BE] 

HE 


m E3EJ 
G£3 G3ED 
E0 FFI 

SISEEEfflEB 

0 EEEIH 0 E 

s 


GS 

E0 

EE 

EE 


500 

600 

700 

900 

1100 


SfflSfflHEB 
0 SEEEEEB 


Any window design must satisfy the technical 
requirements of the relevant parts of the building. The 
main considerations are the size, format, divisions, way of 
opening, frame material and surface treatment. 
Ventilation, thermal and sound insulation, fire resistance 
and general safety issues, including the use of security 
glazing, must also be taken into account. The design of the 
sections and the location and type of sealing are of great 
importance in guaranteeing a long-lasting water- and 
draught-proof seal. Built-in components such as roller 
shutter boxes, window sills and vents must match the 
noise insulation of the windows -» © - @ as well as other 
technical specifications. 



i -o 



<5 

% O 
c 

to 



i ° 



o 

in 

® i 3 

E £ o 

<0 


S E - 

icf 


* 


0) $ 

TJ T5 

o 

c 

residential 


<10 

0 

street 




two-lane 

<35 


0 

residential 

26-35 

10-50 

I 

street 

11-25 


it 


< 10 


m 

residential 

> 100 


0 

main road 

36-100 


I 

{2 lane) 

26-35 

50-200 

II 


11-25 


111 


sS 10 


IV 

country road, 

101-300 



built-up area 11 

101-300 


1 

12 lane) 

36-100 


II 

residential 

11-35 

200-1000 

III 

main road 

« 10 


IV 

(2 lane! 




urban main 

101-300 


III 

roads. 

36-100 

1000-3000 

IV 

industrial 

>35 


V 

areas 




main roads 

101-300 


IV 

4 to 6 lanes 




motorway 

€ 100 

3000-5000 

V 

feeder roads 




and 




motorways 




11 apply the next highest noise level band for 1 

surburban built-up areas and roads in 


commercial areas 




applicable noise level 
band 

average external noise 
level (dB) 

necessary window sound 
insulation R w (dB) in 
residential habitable 
rooms of housing ” 

0 

S 50 

25 (30) 

1 

51-55 

25 (30) 

11 

56-60 

30 (35) 

III 

61-65 

35 (40) 

IV 

66-70 

40 (45) 

V 

>70 

40(45) 

21 values in brackets apply to outside walls and 
must also be used for windows if these form 
more than 60% of the outside wall surface 



noise 

insulation 

class 

noise 
insulation 
value (dB) 

guiding remarks for design characteristics of windows and 
ventilation equipment 

6 

50 

box windows with separate recessed frames specially sealed 
and very targe gap between the panes; glazed with thick glass 

5 

45-49 

box windows with special sealing, large gap between frames 
a-.d glazed with thick glass; double glazed composite casement 
windows with isolated casement frames, special seating, more 
than 100 mm between panes and glazed with thick glass 

4 

40-44 

box windows with extra sealing and average density glazing; 
double glazed composite casement windows with special 
sealing, over 60 mm between panes and glazed with thick glass 

3 

35-39 

box windows without extra seating and with average density 
glass; double glazed composite casement windows with extra 
sealing, normal distance between panes and glazed with thick 
glass; sturdy double/triple glazing units; 12 mm glass m fixed or 
well sealed opening windows 

2 

30 34 

composite casement windows with extra sealing and average 
density glazing; thick double glazing units, in fixed or well 
sealed opening windows, 6 mm glass, in fixed or well sealed 
opening windows 

1 

25- 29 

double glazed composite casement windows with extra sealing 
and average density glazing; thin double glazing units m 
windows without extra sealing 

0 

20 24 

unsealed windows with single glazing or double glazing unit 


© 


Noise insulation classification for windows 
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WINDOWS: CLEANING 





© 


Mobile safety cradle and 
safety belt 



© 


Parallel travel safety ladders 
(for 3 or 4 storeys) 





4 ^ Shading shows acceptable 
cleaning surface area 



Safety belts with straps, safety cables or safety apparatus 
for working at heights should be used as a protection 
against falls -> ©. 

Fagade hoists and mobile equipment (allowing access to 
fixed glazing) for cleaning windows and fagades -» (8) - © 
are available to carry out maintenance and repair work 
(thus saving the cost of scaffolding). If fitted at the right 
time, they can be used to carry out minor building work 
(such as fixing blinds, installing windows etc.). With slight 
modifications, fagade hoists and access equipment can be 
used as rescue apparatus in the event of a fire. The options 
available include mobile suspended ladders mounted on 
rails, trackless roof gantry equipment with a cradle, and a 
rail-mounted roof gantry with a cradle and attached to the 
roof deck or the balustrade. 

Suspended aluminium ladder equipment (for fagade 
access) -> (2) consists of a suspended mobile ladder on rails. 
The width of the ladder is 724mm or 840mm, and the total 
overall length is 25m maximum, depending on the shape of 
the building. The maximum safe working load (S.W.L.) is 
200kg (i.e. two men and the apparatus itself). Alternatives 
are available, such as maintenance gangways -> (5) and 
cleaning balconies -> (6). 


type of building 

outside window 

roof window 

offices 

every 3 months* 

every 12 months 

public offices 

every 2 weeks 

3 months 

shops 

every week 

(inside, 2 weeks) 

6 months 

shops {high street) 

daily 

3 months 

hospitals 

3 months 

6 months 

schools 

3-4 months 

12 months 

hotels {first class) 

2 weeks 

3 months 

factories {precision work) 

4 weeks 

3 months 

factories {heavy industry) 

2 months 

6 months 

private house 

4-6 weeks 

- 


* ground floor windows must be cleaned more frequently 
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Intervals of time for window cleaning 
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With cupboard (good 
arrangement) 


2j Generally, correctly hung 



5 ) Arrangement of two corner 
doors, opening into the 




same room 



(10) Hung left 


(ll) Hung right 



(l3) Paired doors; right-hand lock (u) Swinging double doors; ( 15 ) Pivoting door, eccentrically 

pass through on right v -- y mounted 



Pivoting centrally; pass 
" through on the right 




(24j American 'balanced door' 



^27) Door panel shapes 


Interna! doors must be positioned in order to maximise the 
usable room space -> (T)-(8). It is necessary to decide whether a 
door should open inwards or outwards. Normally doors open 
into the room Door types are named according to their 

construction, position and purpose. A balanced door > <§) + £ 4 ) 
requires little strength to open it, and is well suited for corridors. 

The width of a door is determined by its use and the room 
into which it leads. The minimum inside width of a door 
opening is 55cm. In residential buildings the standard door 
opening widths are as follows. Single-panel doors: main rooms 
approx. 80cm; auxiliary rooms approx. 70cm; front doors to 
flats approx. 90cm; front doors to houses up to 115cm. Double 
doors: main rooms approx. 170cm; front doors 140-225cm. 
Door opening height at least 185cm, but normally 195-200cm. 
Sliding and revolving doors are not permitted for escape or exit 
doors, as they could block the route in an emergency. 

Disabled persons have special requirements. The minimum 
convenient door width for the ambulant disabled is 80cm. This 
is too narrow for wheelchair users, but 90cm is usually 
adequate. There should be adequate space to position a 
wheelchair beside the door. Corridors should be not less than 
120cm wide so that wheelchair users can position themselves 
to open a door in the end wall of a corridor or at the side. An 
end door should be offset to give maximum space beside the 
handle. Similarly, when a door is located in the corner of a 
room, it should be hinged at the side nearer the corner * £ 5 ) 


























































DOORS: SIZES AND FRAMES 


625 


76£> 


875 


1000 


1125 


1250 


1750 


2000 


2500 






1 













1875 



















2 


3 


4 


5 






1 

1 

1 

1 

1 


1 

1 

1 

1 

1 



2000 



6 


















8 


9 






ID 

tv 

cu 



































2250 



































2500 


□ 

□ 


preferred sizes shown in thick outline 


limit for use 
of term 'door' 


the standards give the exact measurements concerning frames and door panels for 
those sizes which are indicated with a number * (s) 


structural openings for these preferred sizes are, as a rule, for double doors 


m 

© Typical structural opening sizes to DIN 4172 


The sizes of wall apertures for doors -» © are nominal 
standard building sizes. If, in exceptional cases, other sizes 
are necessary, the building standard size for them must be 
whole number multiples of 125mm (100mm according to 
British Standards). Steel frames can be used as left- as well 
as right-hand frames -> ®. 



nominal standard 
building size 

size of door panel 

size of door frame 


standard 
opening s 
for doors 

tructurai 

zes 

standard 
door dim 

overall 

ensions 

door reb 
nominal 
dimensio 

tolerance 
± 1 

ate size, 

ns 

+ 2;- 0 

door 
opening 
width 
at the 
rebate 
tot. * 1 

door 
opening 
height 
at the 
rebate 
tol. ♦ 0; 2 

1 

87 b 

1875 

860 

1880 

834 

1847 

841 

1858 

2 

625 

2000 

610 

1985 

584 

1972 

591 

1983 

3 

750 

2000 

735 

1985 

709 

1972 

716 

1983 

4 

875 

2000 

860 

1985 

834 

1972 

841 

1983 

5 

1000 

2000 

985 

1985 

959 

1972 

966 

1983 

6 

750 

2125 

735 

2110 

709 

2097 

716 

2108 

7 

875 

2125 

860 

2110 

834 

2097 

841 

2108 

8 

1000 

2125 

985 

2110 

959 

2097 

966 

2108 

9 

1125 

2125 

1110 

2110 

1084 

2097 

1091 

2108 


(8) Standard rebated door panels and door frames 




® 


Height of the door 




600 ZOO 800 

626 626 1726 


900 

826 


1000 

926 

ll. 

r 

n n 


r 



|L 

LJ LJ 


L 


== 


co ore} dimensions * • - - , 

leaf dimensions (internal doors) * r ■ 
leaf dimensions (external doors) * --J- 


2x362 2x4 

s II 

2 2x*62 

l l ; 

2x6621 1 2«712 

2x6621 ! 2-702 

I 2-862 
| 2-862 


2»1012 ♦ 
2- 1002* 

me 

[ 


rain 

1-1- 


-1-1 

_1. . i 


® 


Sizes of internal and external doors to BS 4787: Part 1 



(10) Standard steel frame types 



© 


Recessed door frame 



u 


structural 
opening size 


K X clear door 
| opening size 


© 




structural 
opening size 


clear door 
opening size 


I I frame rebate size 
door panel size 

nominal standard 
building size 

Architrave frame 






i! | frame rebate size 

l| 1 

, I door panel size 

! nominal standard 
t building size 


structural 
opening size 



dear door 
opening size 


I frame rebate size 
I door panel s<;e 


I nominal standard 
building size 


@ Combined linin » © Full lining frame 

— and architrauo 


and architrave 
frame 
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REVOLVING AND SLIDING DOORS 






(10) Folding door with side guides 



sliding 
door or 
roller 
lattice 
shutter 



© 



Door assembly pushed to side 



6 panels length $ 1.20 


Automatic sliding doors 





(g j Revolving door with extra 
y emergency exits 



(12) Accordion door; wood panels 
or flexible material 



Revolving doors are made in 
several different designs » (T) - 
(6). Some are adjustable, e.g. 
when the number of users is 
large, particularly in the 
summer, the panels can be 
folded into the middle to allow 
people to go in on one side and 
out on the other at the same 
time. Some designs have 
panels which can be pushed to 
the side if traffic is only in one 
direction {e.g. when business 
closes for the day). 

Actuating devices for 
automatic doors can be 
controlled by radar, electric 
contact mats -> (7) - (8) or 
pneumatic floor contacts. 
Unidirectional or reflecting light 
barriers controlling automatic 
sliding doors with six panels up 
to 8m wide are ideal for 
installation on emergency 
escape routes in office blocks, 
public buildings and 
supermarkets. Air curtain doors 
> ® can be shut off at night by 
a raised door -> (9). 

Room dividers can be 
provided by the use of folding 
doors, guided from the side 
©. Concertina doors are 
centrally hung -> (n) for closing 
off wide openings. A revolving 
movement can be combined 
with a sliding movement. 
Accordion doors can be made 
of plywood, artificial leather or 
cloth @. 

Telescopic doors have 
several panels joined by 
engagers. Externally guided 
telescopic doors are single 
skinned those with 

internal guides are double¬ 
skinned > These doors can 
move alongside each other 
-> (f|) or retract inside each other 
•-> (M). Sliding wall doors, 
suspended from above, can be 
guided round corners > @ or 
can be used as flexible 
enclosures > 

Curtain partitions can be 
folded down from above > @, 
or can move horizontally with 
guides above > ®. They allow 
large rooms to be divided up 
into sections. 



U6) Roller wall 


(l7) Partition curtain 


(18) Variable sliding doors 


(l9) Air curtain installation 
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GARAGE/WAREHOUSE DOORS 






b) spring counterbalanced, 
no rails, suspended from 
the ceiling 



weight 




® 


Folding, lift door 



© 


Roller shutter door 
(in steel or aluminium) 


3 ) Linked up and over door 
(sectional) 



4) Telescopic lifting door 





mq\ PVC strip curtains for large 
^ drive-through passages 



single leaf 


A 

B 

75 

1.75 

75 

1.875 

75 

2.00 

80 

1 80 

80 

1 875 

80 

2.00 

875 

1.875 

875 

200 

1 00 

1.875 

1 00 

2.00 

1.00 

2.125 

double leaf 

1 50 i 

j 2.00 

1.75 | 

j 

2 00 j 


2.25 

2.125 


(13) Fire doors T30-T90 


Up and over doors can be used 
for garages and simitar 
installations (T). They can be 
folding doors, or doors with a 
spring counterbalance or a 
counterbalance weight. They 
can have a single or a double 
skin, and be solid, partially 
glazed or fully glazed. They can 
have wooden panels, or be 
made of plastic, aluminium or 
galvanised sheet steel. The 
largest available dimensions for 
access purposes are 4.82 m x 
1.96m, and the maximum panel 
area is approx. 10m 2 . Up and 
over doors are also available in 
arched segments. They are easy 
to operate since the door drive 
is mounted on the ceiling and 
controlled by radio. 

Also available are lifting 
folding doors ~> (2), sectional 
doors -> (3), telescopic lifting 
doors -> (4) and roller shutter 
doors made of aluminium » ( 5 ) 
which are completely out of the 
way when open. Single or 
multiple-skin doors can be used 
for industrial, transport and 
workshop buildings. The 
maximum available size is 18m 
wide and 6m high. These doors 
can be activated by a ceiling 
pull switch, a light barrier, an 
induction loop or remote 
control (either electric or 
pneumatic), or contact pads. 

Drive-through doors should 
be power-operated for speed * 
(8). Rubber swing doors > (9) 
and single-layer clear PVC are 
resistant to abrasion and 
impact, and PVC strip curtains 
are also available -» Rubber 
sections which serve as door 
seals and rubber cushion seals 
are available for loading and 
unloading from docks and in 
and out of heated storage 
depots. They give protection 
from the effects of the weather 
during these operations > (Tj), 

Fire protection doors 
T30-T90 can be single- or 
double-leaf -» (Q. Sliding fire 
protection doors are also 
available > (14). Any movable 
fire-resistant barrier, such as 
sliding, lifting or swing doors, 
must be able to operate 
independently of the mains 
electricity supply. In the event of 
fire, they must close 
automatically. (See also p. 130.) 


concealed counterbalance 



A 

B 

1.00 

200 

1 00 

2 125 

1.25 

200 

1 25 

2.125 

1.50 

200 

1 50 

2 125 

1.75 

200 

1 75 

2.125 

2.50 

2.50 




double leaf 




(14) Sliding fire doors T30-T90 
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LOCKING SYSTEMS 


7 7 






Master key system 


!W 




HMh 

N. 

JPL 






IL^j 

-r 



flat 1 2 



r 



Combined combination key and master key system 


general 
master key 


mam group 
key 1 


main group 
key 2 


group 
key 1 


group 
key 2 



group 
key 3 


group 
key 4 



1 M2 S 3 01 82 03 614 Si 02 03 04 HI 1 02 03 B 4 


4 

Tlr 


1c 


Li 


i fir; 


* * 

n 



3 S i'' 4 


jl 




General master key system 


Cylinder locks offer the greatest security, for it is virtually 
impossible to open them with tools. The cylinder lock 
developed by Linus Yale is very different from other locking 
systems. There are profile, oval, round and half cylinder 
locks. Cylinder locks are supplied with extensions as 
necessary on one or both sides, increasing in increments of 
5 mm, to suit the thickness of the door * (6). 

During the planning and ordering phase for a locking 
system, a locking plan is drawn up which includes a unique 
security certificate. Replacement keys are only supplied 
after production of this document. 

Combination key systems 

With a combination key system, the key of the entrance 
door to each flat also opens all doors to shared facilities as 
well as shared access doors, e.g. courtyard, basement or 
main front door. This is suitable for houses with multiple 
family occupancy or estate houses (T). 

Master key systems 

In a master key system, a principal pass key opens all locks 
throughout the complete system. This is suitable for single 
family occupancy houses, schools and restaurants. 

Central key systems 

With a central key system, several combination key systems 
are combined. This is suitable for blocks of flats > (3). 
Separate keys unlock the front door to each flat and to all 
shared facilities. In addition, there is a master key which 
unlocks all the shared doors in the blocks. 

General master key systems 

A general master key system consists of multiple master 
key systems. The general master key allows one person 
access to all rooms. It is possible to subdivide areas by 
using main and group keys. Each cylinder has its own 
individual lock and, with the exception of the correct master 
(or pass) key, can only be opened with its own key. 

This system is suitable for factories, commercial 
premises, airports and hotels Vulnerable points which 
should be taken into account during the planning stage are 
set out in -> (§). 


filing cabinets, bath cubicles, letter boxes, access doors, 
emergency exit doors, cloakrooms, locks for boxes, cold 
stores, furniture doors, tubular framed doors, roller shutter 
doors, cupboard doors, writing desks, sliding bolts, changing 
cubicles 

at risk 

lift machinery room, lift switch box, electricity rooms, garage 
access doors, garage up and over doors, lattice gates, boiler 
room doors, basement doors, oil filler pipes, distribution 
boxes 

strongly 
at risk 

main office doors, skylights, tilt and turn windows, computer 
rooms, main entrance doors, gratings, front entrance doors 
to blocks of flats, trap doors, basement windows, fan lights, 
switch boxes 

very strongly 
at risk 



s 6y Cylinder lock: profile, half, round 





SECURITY OF BUILDINGS AND GROUNDS 


contact 

monitoring 

i • ! 

opening contact 

i ■ i 

magnetic contact 

t 

lock contact 


pendulum contact 
{also for 

area monitoring) 
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[surface monitoring] 
body sound j 
alarm j 

glass break- [ 
. age alarm 
-JlIT monitoring I 
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1 wired glass I 
W vibration 
k contact - 
thread pull I 
contact • 
, . wall alarm 
i*. tread mat 
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i infra red alarm 
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field change 
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alarm 
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barrier 
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light 
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fo) attack alarm 

electrical supply 

[220 electrical 
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supply 
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burglar 

alarm 

-m 


- 

control room 

® «• 

recording 

device 



alarm equipn 

nent 


outdoor electrical 
protection 


quick switching device 
j—I electromagnetically 
switched lock 

rpSI gas-operated 
^ lock 


acoustic alarm 

mains power 
alarm 

^ electronic 
SJ siren 


x: 


t revolving alarm 
[ light 
flashing light 
searchlight 


j r 11 ! r 

public | neighbours—I 


auto-dialling 
device 
} normal 
telephone 


back-up help 


services 



internal alarm 

- internal elect. 
“J siren 

alarm hooter 
elect, buzzer 
alarm lights 


1_ 
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workforce 
and staff 


Burglar alarm systems (installation and working method) 



A ■ 




The term 'security technology' is to be understood as 
covering all devices used for defence against criminal 
danger to the body, life or valuables. In reality, all parts of 
a building can be penetrated, even those made of steel 
and reinforced concrete. The need for security should be 
established by an in-depth study of vulnerable areas, with 
an estimate of costs and benefits. The police will advise 
on the choice of security and monitoring system 
equipment. 

Mechanical protection devices are constructional 
measures which provide mechanical resistance to an 
intruder. These can only be overcome by the use of force, 
which will leave physical traces behind. An important 
consideration is the effectiveness of this resistance. Such 
measures are necessary for the main entrance doors, 
windows and basement entrances in blocks of flats, and 
display windows, entrances, other windows, skylights 
and fences in business premises. Mechanical protection 
devices include steel grilles, either fixed or as roller 
shutters, safety roller shutters, secure locks and chains. 
Wire-reinforced glass also has a deterrent effect, and 
acrylic or polycarbonate window panes offer enhanced 
protection. 

Electrical security devices will automatically set off an 
alarm if any unauthorised entry to the protected premises 
is attempted. An important consideration is the time 
taken from when the alarm is triggered until the arrival of 
security staff or the police. 

(1) Burglar and attack alarm systems help to monitor and 
protect people, property and goods. They cannot prevent 
intruders entering premises, but they should give the 
earliest possible warning of such an attempt. Optimum 
security can only be achieved by mechanical protection 
and the sensible installation of burglar alarm systems. 
Supervisory measures include monitoring the outside of 
the building, as well as each room and individual objects 
of value, security traps and emergency alarm calls. 

Fire alarm systems give an early warning of smoke or 
fire, and may also alert the emergency services. Fire 
alarm systems are there to protect people and property. 

(2) Outdoor supervision systems are used to monitor 
areas around the building. They increase security by 
recording ail nearby activity, usually up to and including 
the property boundary. They consist of mechanical or 
constructional measures, electronic or other detection 
devices, and/or organisational or personnel action. Their 
objective is legal fencing, to deter or delay intruders, or 
to detect and give early warning about unauthorised 
people or vehicles. This also includes the detection and 
identification of possible sabotage attempts or 
espionage. Mechanical measures include construction 
work, fences, ditches, walls, barriers, gates, access 
control and lighting. Electrical measures can involve 
control centres, detectors, video/television sensors, an 
access control system, an alarm connected to higher 
communication systems, an automatic telephone dialling 
device and/or radio. Organisational actions include the 
briefing of personnel, observation, surveillance, security, 
task forces, technical staff, watchdogs and an emergency 
action plan. 

(3) Goods protection systems, also called shoplifting 
protection systems, are electronic systems which serve to 
protect against theft and the illegal removal of goods 
from a controlled area during normal business hours. 
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SECURITY OF BUILDINGS AND GROUNDS 


parts of building and 
equipment to be 
protected 

T 

z 


z 

b- 

JW 

ES3 

p- 

M 


a 

Ti 

m 

special types 

lock 

contact 

magnetic 

contact 

surveillance 

contact 

transitional 

contact 

glass 

breakage 

alarm 

monitoring 

foil 

glass wired 
for alarm 

body noise 
alarm 

vibration 

contact 

wallpaper 
alarm and 
wiring 

tread 

mat 

trip wire 
contact 

pendulum 

alarm 

front doors, externa! doors 


• 

o 












internal security doors 

# 3> 

• 

• 







O 




• 4> 

room doors 121 

• 3> 

• 

• 







O 

O 5 ' 




internal sliding doors ,2! 

O* 

O 

• 

• 






o 

O 5 ’ 




garage up and over doors 


• 

o 











• 6> 

windows with casements 


• 

o 


• 

O 

• 


o 7> 






glass doors, lifting doors 


• 

o 

O 

• 

O 

• 


O 7 ’ 


o sl 




external glass sliding doors 


o 


• 

• 

O 

• 


o 7 ' 


o 5! 




dome lights 


o 










• 

O 

• 8> 

roof windows 


• 



• 


o” 


O 7 ’ 






glass block walls 








O 

• 






display windows, large 
fixed glazing 





• 

• 

• 


O 7 ’ 






heavy walls and ceilings 








• 

• 

o 





light walls and ceilings 










• 





loft ladder - retractable 


o 

o 







• 

O 5 ’ 

• 
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individual objects ,2) 

- sculptures 
paintings 


• 












# , 0I 

interna) floor surfaces 12> 











• 




safes 121 








• 



o 51 




cupboards for apparatus ,2> 


• 

• 








O 5 ' 




conduits, ventilation shafts, 
service installations 












• 

• 
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glar alarm • very suitable 1) various alarms only to be used with reservations (e.g. not on wired, laminated or toughened glass) 

O still suitable 2) principally as a security device 

3) if there is rapid switching on this door 

4) if only the internal security door is to be protected <cf. also door interlock with alarm) 

5) designed for security traps 

6) magnetic contact - special type for floor mounting 

7) not to be used where it can be touched by hand, if panels are unstable or there are vibration sources near by 

8) there are dome lights with built-in alarm protection 

9) note reservations concerning the weight of glass 

10) individual protection is recommended for very valuable furnishings or those with very valuable contents 

11) capacitative field alarms are the recommended protection 

12) and/or included in the room surveillance 

Contact and surface monitoring — appropriate use of burglar alarms 


comparative criteria 

V 3 

ultrasonic room protection 

ultrasonic doppter 

high-frequency doppfer 

< 

infra-red alarm 

monitoring features preferred, 
direction of movement registered 


y — 








ff5 


monitoring range per unit - 
recommended values and range 

when mounted on ceiling 

90-110 m 2 , wall mounted 
* 40 m 2 up to 9 m 

depending upon unit 30-50 m 2 
up to 14 m 

depending upon unit 150-200 m 2 
up to 25 m 

depending on unit 60-80 m 2 
rooms up to 12 1 .. 
corridors up to 60 m 

surveillance of complete room 
lover 80% of the room 
monitored) 

guaranteed 

not guaranteed 

not guaranteed 

guaranteed 

typical application 

- small to large rooms 

- corridors 

- complete and part room 
monitoring 

- small to targe rooms 

- monitoring part of rooms 

- security traps 

- long, large rooms 

- monitoring part of room 

- security traps in large spaces 

- small to large rooms 

- complete and part room 
monitoring 

- security traps 

- at same time fire alarm 

permissible ambient temperature: 
under OX 
from OX to 50X 
over 50‘ C 

conditionally permissible 

permissible 

not permissible 

conditionally permissible 

permissible 

not permissible 

permissible 

permissible 

permissible 

permissible 
permissible 
not permissible 

are several alarms possible in the 
same room 7 

no problem 

with care 

with care 

no problem 

influences from adjacent rooms 
or nearby road traffic 

no problem 

no problem 

not recommended 

no problem 

possible cause of false alarms 

- loud noises in ultrasonic 
frequency band 

- air heating near the alarm 

- strong air turbulence 

- unstable walls 

- loud noises in ultrasonic 
frequency band 

- air heating 

- air turbulence 

- unstable waits 

- moving objects (e g. small 
animals, fans! 

- disturbing influences near the 
alarm (sensitivity too great) 

- deflection of beam by reflection 
from metal objects 

- beam penetrates walls and 
windows 

- unstable walls 

- moving objects le g. small 
animats, fans) 

- electromagnetic influences 

- heat sources with rapid 
temperature changes le.g. 
incandescent lamps, electric 
heating, open fire) 

- direct, strong and changing 
light effect on the alarm 

- moving objects (e.g. small 
animals, fans) 


(4) Access control systems 
are devices which, in 
combination with a 
mechanical barrier, only 
allow free access to any 
area by means of an 
identity check. Access is 
only granted after electronic 
or personal authorisation. A 
combination of access 
control and a time¬ 
recording device is 
technically feasible. 

(5) Remote control systems 
or data transfer/exchange 
over the public telephone 
network facilitate monitor¬ 
ing at a distance. Such 
systems can be used for 
measurement, control, diag¬ 
nosis, adjustments, remote 
questioning, controlling the 
type of information, and 
assessing the position of 
one object in relation to 
another. 

(6) Monitoring systems 
observe or control the 
sequence of events by 
means of a camera and a 
monitor which are operated 
either manually and/or 
automatically. They can be 
installed either inside or 
outside, and can operate 
both day and night 
throughout the year. 

(7) Lift emergency systems 
are used in personnel lifts 
and goods lifts. Lift 
emergency call systems 
ensure the safety of the 
users. They are designed 
first and foremost to free 
people who are trapped 
inside. Anyone who is 
trapped can talk directly to 
someone in a control centre 
which is constantly man¬ 
ned, and who will alert the 
rescue services. 


2y Room monitoring - the most important comparative criteria 





STAIRS 
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Standard stride of an adult 
on a horizontal plane 





Ladder stairs with a 
handrail 



© 


Superimposed stairs save 
space 



10 


If stairs are narrow or 
curved the distance of the 
line of walk to the outer 
string should be 35-40 cm 


effective flight width measured 
from wall surface to inside edge 
of handrail 


. or between the handrails 


M 


14 


stairs must have a fixed handrail, 
if stair width is greater than 4m, 
there must also be a central 
handrail; spiral staircases must 
have a handrail on the outside 

Minimum dimensions for 
stairs 



© 


On a ramp the stride is 
reduced proportionately 
(desirable slope 1:10-1:8) 



© Normal stairs 17/29; landing 
after a max. of 18 steps 



© 


Laying the rafters and beams 
parallel to the stairs saves 
space and avoids the need 
for expensive alterations 




mm 


© 




stairs in a family house 
or inside flats: to loft 
and basement 


• 1 25 m 


in high-rise flats 



© 


2 risers + 1 going = about 62.5cm 

Optimum rise-to-tread ratio 
17/29 


handrails and banisters are not needed 
for less than five steps 


stairs with a rise of less than 1:4 do not 
require handrail 

(J) Steps without a handrail 



© 


Covered entrances to 
cellars and trapdoors 
should be avoided. 
However, this combination 
has advantages and is safe 
125 



If stairs are straight and wide 
the distance of the line of 
walk to the handrails should 
be 55 cm 


12 


Stair width allowing two 
people to pass 


in up to two-storey 
dwellings 


■10m 


dwellings with more than j 
two storeys and other i 

buildings 


smaller flight width 
for less frequently- I 
used stairs 

(Ti) Measuring the effective flight width 


larger flight widths for 
buildings containing more than 
150 people 


Calculations for the construc¬ 
tion of stairs, ramps and 
guards are set out in various 
national building regulations. 
In the UK, British Standards 
and the Building Regulations 
should be consulted {see 
Approved Document K). The 
guidelines here are based on 
German standards. 

Dwellings with no more 
than two flats must have an 
effective stair width of at least 
0.80 m and 17/29 rise-to-tread 
ratio. Stairs which are not 
strictly covered by building 
regulations may be as little as 
0.50m wide and have a 21/21 
ratio. Stairs governed by 
building regulations must 
have a width of 1.00m and a 
ratio of 17/28. In high rise flats 
they must be 1.25m wide. 
The length of stair runs from 
>3 steps up to < 18 steps * 
Landing length = n times the 
length of stride + 1 depth of 
step (e.g. with a rise-to-tread 
ratio of 17/29 = 1 x 63 + 29 = 
92 cm or 2 x 63 + 29 = 1.55 m). 
Doors opening into the 
stairwell must not restrict the 
effective width. 

The time required for 
complete evacuation must be 
calculated for stair widths in 
public buildings or theatres. 
Such staircases or front 
entrance steps are climbed 
slowly, so they can have a 
more gradual ascent. A 
staircase at a side entrance or 
emergency stairs should 
make a rapid descent easy. 





_-30)V 
rcut | v 


16 


The proportions of the stair 
rises must not change as 
you go up 


when tread (w) is less than 260mm, the 
stairs must be undercut by '■ 30mm 


191 
















































STAIRS 


house stairs 
which are easy 
to climb 



steep ramps 10 -24°, or 
1:6-1:2.5 
ramps with a non-slip 

-surface 6-10°, or 1:10-1:6 

-flat ramps up to 6° or 1:10 


height 

of 

storey 

two-way 

stairs 

single, triple 
width and 
stairs in 
buildings 


easy rise 

easy rise 


steps, 

no. 

steps, 

height 

steps, 

no. 

steps, 

height 

a 

b 

c 

f 

g 

2250 

- 

- 

13 

173.0 

2500 

14 

178.5 

15 

166.6 

2625 

- 

- 

15 

175.0 

2750 

16 

171.8 

- 

- 

3000 

18 

166.6 

17 

176.4 


© Incline for ramps, outside stairs, house stairs, machinery access /T\ .... 

steps and ladders <37 He.gh. of storey and i 


type of 
building 

type of stairs 

effective 
width of 
stairs 

rise, 

f}\ 

going, 

g 3> 

residential 

building 

essential 

stairs 

stairs leading to habitable 
rooms, cellar and loft steps 

> 80 

17 ± 3 

28*| 

with no 
more than 
two flats" 

(building 

regulations) 

which lead to non-habitable 
rooms 

>80 

< 21 

>21 

stairs (additional) considered non-essential 
according to building regulations 

> 50 

< 21 

>21 

stairs (additional) considered non-essential according 
to building regulations (flats) 

> 50 

--- 

no stipulations 

other 

buildings 

essential stairs according to building 
regulations 

> 100 

171 

28*f 


stairs (additional) considered non-essential 
according to building regulations 

> 50 

s 21 

>21 


’’ Also includes maisonettes in buildings with more than two fiats; 

J> km not <14cm.; 31 but not >37cm = stipulation of the ratio of rise r/g 


Stairs in buildings 



Energy consumption of an 
J adult climbing stairs 


H S3 E33 






serf 



9 m 2 


(D • ® 16 risers of 17/29, 17.2/28.1 
height of storey 2.75m; flight width 1 m 


(T^) _ (y\\ AI1 stairs without landings, whatever the type, take up almost the same surface area. However, 
the distance from the top of the lower floor stairs to the foot of the next staircase can be 
considerably reduced by curving the steps (6) - Q. Therefore curved steps are preferred for 
' ] multistorey buildings. 





Stairs with landings take up the area of one flight of stairs 
" Qj-y + the surface area of landing - surface area of one step. 

For a height per storey of > 2.75 m, stairs with landings are 
necessary. Width of landing > stair flight width. 


Three flight-width stairs are 
expensive and a waste of 



t*mn 


save space 


Curved steps at 
the landing on a 
narrow stairway 
save landing space 





^ 2 ^ Transporting a 
stretcher 


@ On a spiral 
staircase 


for moving 
furniture 


The experiences one has of 
ascending and descending 
stairs varies greatly with the 
stair design, for example 
there is a significant 
difference between an 
interior domestic design 
and a grand flight of 
entrance steps. Climbing 
stairs takes on average 
seven times as much 
energy as walking on the 
flat. From the physiological 
point of view, the best use 
of 'climbing effort' is with 
an angle of incline of 30° 
and a ratio of rise of: 

rise of step, r 17 
going of step, g 29 
The angle of rise is 
determined by the length of 
an adult's stride (about 
61-64cm). To arrive at the 
optimum rise, which takes 
the least energy, the 
following formula can be 
applied: 

2r + g = 63cm (1 stride) 
in the dimensioning and 
design of flights of stairs, 
the function and purpose of 
the staircase is of primary 
importance, taking in the 
factors mentioned above. 

Not only is the gaining of 
height important, but also 
the way that the height is 
gained. For front door steps 
in frequent use, low steps of 
16 x 30cm are preferable. 
However, stairs in a work¬ 
place, or emergency stairs, 
should enable height to be 
gained rapidly. Every main 
staircase must be set in its 
own continuous stairwell, 
which together with its 
access routes and exit to 
the open air, should be 
designed and arranged so 
as to ensure its safe use as 
an emergency exit. The 
width of the exit should be > 
the width of the staircase. 

The stairwell of at least 
one of the emergency 
staircases or fire exits must 
be < 35 m from every part of 
a habitable room or 
basement. When several 
staircases are necessary, 
they must be placed so as 
to afford the shortest 
possible escape route. 
Stairwell openings to the 
basement, unconverted 
lofts, workshops, shops, 
storerooms and similar 
rooms must be fitted with 
self-closing fire doors with 
a fire rating of 30 minutes. 











STAIRS 
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Step profiles 





wood profiles 








metal profile plastic profile Plexiglas 
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Space-saving loft ladder 
{scissor frame} for rooms 
2.0-3. 8 m high 


loft 



ladders for lofts (5) + (6) 


« 
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Wooden alternating tread 
stair, section through centre 




© 


Normal stairs (goings too 
short) 



© 


Plan: goings at lines a and 
b are >20 cm 



(12) Fixed catladder 


To avoid marking risers with 
shoe polish from heeis, use 
recessed profiles which 
have longer goings > ©. 

Maximum space is 
required at hip (handrail) 
level, but at foot level 
considerably less is needed 
so the width at string level 
can be reduced, allowing 
more space for the stairwell. 

Staggering the handrail 
and string allows better 
structural fixing. A good 
string and handrail arrange* 
ment with a 12 cm space 
between stairwell strings is 
shown in (3). An additional 
handrail for children (height 
about 60 cm) is also shown, 
along with some less 
popular string and handrail 
positions. 

Circles in theatres, choir 
lofts, galleries and 
balconies must have a 
protective guard rail (height 
h). This is compulsory 
wherever there is a height 
difference in levels of 1 m or 
more. 

For a drop of <12m, h = 
0.90 m 

For a drop of >12m, h = 
1 .10m 

Loft ladders have an 
angle of 45-55°. However, if 
user requirements stipulate 
a stair-like access (e.g. 
where loads are carried and 
available length is too short 
for a flight of normal stairs), 
then alternating tread stairs 
may be designed •* ®. 
There should be a 
minimum number of risers 
for this type of stair (riser 
<20 cm). Here 'the sum of 
the goings + twice the rise = 
630 mm' is achieved by 
shaping the treads; goings 
are measured (staggered) at 
the axes a and b -♦ ©, of the 
right and left foot. 


storey height, size of loft ladder 

2 IOL 6 A peiapr o; jog jgqqci 


storey height, 

FFL to 

underside of 
ceiling (cm) 

size of loft ladder 
(cm) 

220-280 

100 x 60<70) 

220-300 

120 x 60(70) 

220-300 

130 \ 60(70,80) 

240-300 

140 x 60(70,80) 

frame width: 


W = 59, 69, 79 cm 

frame length: 


L = 120, 130, 140 cm 

frame height: 


H = 25 cm ! 


4| 2 ') Telescopic loft ladders 
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RAMPS AND SPIRAL STAIRCASES 




(T) Ramp 



by setting the front edge of the 
step at a tangent to the newel 
post, the tread width is increased 


Step formation 
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Spiral stair treads 



© 


Stepped ramps 




© 


Solid wooden step 




© 


Stair ramp 



© 


Steps are in wood, wrought 
iron or stone 



© 


PVC on cement screed 



(12) Angular opening 


examples of uses with details 


use 

two-way traffic impossible 

two-way traffic possible two-way traffic easy 

still passable 


easy to pass 

easy to pass 

passable with comfort 

small furniture 
can pass through 

dismantled furniture 
can pass through 

furniture can 
pass through 

for heavy traffic 

secondary rooms 






r 







_ 





1 


basements, lofts 
















. 

home bar, hobby room 











m 






— 

bedrooms, sauna 


















swimming poof, laboratory 


















workshop, garden 






""" 










"" 

gallery, small store 

















salesroom 

















maisonette, boutique 















w 

0 


office rooms, large storeroom 
















, 

consulting/shop room 

















guest bedrooms 

















emergency stairs 

















main/'essentiai' domestic stairs 












0 






stairs dia. 

{nominal dimension) 

O 

O 

CM 

1250 

0 

0 

co 

1500 

1550 

1600 

1650 

1700 

1750 

1800 

1850 

2050 

2100 

2150 

2200 

_o~ 

0 

-'f 

CM 

flight width (mm) 

to 

m 

541 

566 


653 

678 

703 

728 

753 

778 

625 

650 

750 

775 

008 

825 

925 


between the newel post and handrail 

from 10cm depth 

jf trea 

d 


=3 


(13) Determination using minimum sizes for spiral stairs of all types 


Ramps should be provided to 
allow wheelchair users and 
those with prams or trolleys to 
move easily from one level to 
another ->(T)-(3). 

Under building regula¬ 
tions, a main or 'essential' 
staircase with a ceiling 
aperture size of about 210cm 
diameter {with a minimum 
80cm flight width) is 
permissible for family houses, 
and from 260 cm for other 
buildings {with a minimum 
1.00m flight width). Spiral 
stairs with less than 80cm 
effective flight width are only 
permitted as 'non-essential' 
stairs. Material used can be 
metal plate {with a plastic or 
carpet overlay if needed), 
marble, wood, concrete or 
stone -> (6) - (9). Stairs in pre¬ 
fabricated steel sections, 
aluminium castings or wood 
for installation on site, are 
suitable as service stairs, 
emergency stairs and stairs 
between floors > @. Stair 
railings can be fitted in steel, 
wood or Plexiglas -> @. Spiral 
staircases are space-saving 
and, with a pillar in their 
central axis, are of sturdy 
design -» © - ®. They can, 
however, also be designed 
without a central pillar, giving 
an open winding staircase 
with a stairwell » @ 

Spiral and helical stairs in 
the UK are usually designed 
in accordance with BS 5395: 
Part 2 to fulfil the recommen¬ 
dations of the Approved 
Document K (AD K). 



(l4) Vertical section of spiral 
staircase 
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opening in floor 6.20m 


ESCALATORS 


r 


T 




level 2 U 

1 

£ 


| 

o 



£ 



O) 



■C 


£ 


level 1 

11 



® 


Escalator width 


Q 


Cross-section/foundation diagram of an escalator 


transportation capacity 
„ \ v 

Q = 3600 v p \ f Ipeople/h) 

where 

G p - people per step (1, 1.5, 2) 
v = conveyor speed (m/s) 
g - going (m) 

f = 0.5-0.8 escalator utilisation factor 








Length in plan * © 

with 30° escalator = 1.732 x storey height 
with 35° escalator = 1.428 x storey height 
Example: storey height 4.50 m and angle 30° (note that 35° 
angle is not allowed in some countries) 
length in plan: 1.732 x 4.5 = 7.794 
Including landings top and bottom, total length is 
approximately 9m, allowing for about 20 people to stand in 
a row on the escalator. 


speed 

time 

per person 

width sufficient for : 

1 person 

2 persons 

0.5 m/s 

- 18 s 

4000 

8000 

0.65 m/s 

- 14 s 

5000 

10000 



people/h can be transported 


(To) Performance data > © - (3) 


step width 

600 

800 

1000 

A 

605-620 

805-820 

1005-1020 

B 

1170-1220 

1320-1420 

1570-1620 

c 

1280 

1480 

1680 

transportation 

5000-6000 

7000-8000 

8000-10000 

capacity/h 

persons 

persons 

persons 




Dimensions and performance for escalators with either 30° or 
35° angle of ascent 


These guidelines are based on recommendations issued by 
the German Federations of Trade Associations. In the UK, 
reference is usually made to BS EN 115: 1995: Safety rules 
for the construction and installation of escalators and 
passenger conveyors. 

Escalators -> ©-(3) are required to provide continuous 
mass transport of people. (They are not designated as 
'stairs' in the provision of emergency escape.) Escalators, 
for example, in department stores rise at an angle of 
between 30° and 35°. The 35° escalator is more economical, 
as it takes up less surface area if viewed in plan but for large 
ascents, the 30° escalator is preferred both on psychological 
as well as safety grounds. The transportation capacity is 
about the same with both. 

Escalators in public transport installations are subject to 
stringent safety requirements (for function, design and 
safety) and should have angles of ascent of 27-28°. The 
angle of rise is the ratio 3/16, which is that of a gentle 
staircase. 

In accordance with a worldwide standard, the width of 
the step to be used is 60cm (for one-person width), 80cm 
(for one- to two-people width) and 100cm (for two-people 
width) > (7)-®. A 100cm step width provides ample space 
for people carrying loads. 

A flat section with a depth of >2.50m (minimum of two 
horizontal goings) should be provided at the access and exit 
points of the escalator. 

In department stores, office and administration 
buildings, exhibition halls and airports the speed of travel 
should, as a rule, be no greater than 0.5m/s, with a 
minimum of three horizontal exit goings. For underground 
stations and public transport facilities, 0.65 m/s is preferred. 

The average split of traffic that goes upstairs in a large 
department store is: 

fixed stairs 2% 

lifts 8% 

escalators 90% 

Coming down, about three-quarters of the traffic uses the 
escalators. 

According to current assessments, on average one 
escalator is installed for every 1500 m 2 of sales area; but this 
average should be reduced to an optimum of 500-700m 2 . 


*MC 
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TRAVELATORS 





The hourly capacity of a travelator is 
calculated according to the formula: 


© 


Dimensions 


©-© 


where 

w = transportation width (m) 
v = speed (m/s ) 

K = load factor 

The load factor varies between 0.5 and 0.9 
(average 0.7) according to the use. 

The 0.25 in the denominator represents a 
superimposed step area of 0.25m2/person. 


scissor arrangement 





horizontal 

travelator 

cleated 

belt 

conveyor 
belt (rubber) 

reversible 

travelator 

effective width, S 

800 + 1000 

750 + 950 

2 v 800 + 2 «. 1000 

overall width, B 

1370 + 1570 

1370 + 1570 

3700 + 4200 

design 

flat construction with >4 J 

incline 

length of a section 

12- 

16m 

' 10 m 

inter-support distance 

in accordance with structural 

equirements 

possible length, L 

>250m 

capacity 

40 m/min 

11000 people/h 



crossover arrangement 


One person with 60 cm 
shopping trolley (width 80 cm} 


© Dimensions and performance of horizontal travelator -»(?)- (8) 



7 ) Arrangement of travelators ( 7 ) Two people; 1 m width 




tensioning pulley drive 



Travelators (or moving pavements) are a means of 
conveying people horizontally or up a slightly inclined 
plane (up to a maximum angle of 12°, or 21%). The big 
advantage of the travelator lies in its ability to transport 
prams, invalid chairs, shopping trolleys, bicycles and 
unwieldy packages with only a slight risk of accident. At the 
planning stage the expected traffic must be carefully 
calculated, so that the installation provides the best 
conveying capacity possible. This capacity depends on the 
clear width available, the speed of travel and the load factor. 

The number of people transported can be as high as 
6000-12000 people/h. The speed of travel on inclined 
travelators is normally 0.5-0.6m/s although where the 
inclination angle is less than 4° they can sometimes be run 
a little faster, up to 0.75m/s. Long travelators can be up to 
250m in length but shorter runs (e.g. about 30m long) are 
better because they allow people to access and exit to and 
from the sides. It is therefore sensible to plan a series of 
smaller travelators. 

The advantage of the reversible travelators is their ability 
to offer both horizontal directions of travel ■-» (D - in 
contrast to -> ® - (§). The low height required for 
construction (this being only 180mm) allows these 
travelators to be fitted into existing buildings. 

The cotangents of the travelator gradient are: 

Gradient W(°) 10° 11° 12° 

COt W 5.6713 5.1446 4.7036 

Horizontal length L = cotan W x conveyor lift 
Example: conveyor lift, 5 m; gradient 12° 

L = 4.7036 x 5 = 23.52 m 
(to two decimal places). 
































LIFTS 



[ 

.0 
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Plan view of lift shaft 



I- r -( 




© 


Lift motor room 


© 


Lift motor room (set of lifts) 



© 


Shaft and lift motor room 



(IT) Shaft of hydraulic lift 



© 


Conveying capacity requirements for normal flats: finite 
elements method (FEM) 


The upward and downward movement of people in newly 
erected multistorey buildings is principally achieved by lifts. An 
architect will normally call in an expert engineer to plan lift 
installations. The guidelines given here are based on German 
standards. In the UK, lift installation is covered by BS 5655, 
which contains recommendations from CEN (Committee for 
European Normalisation) and the International Standards 
Organisation. It is anticipated that future standards relating to 
lifts will be fully international in their scope. 

In larger, multistorey buildings it is usual to locate the lifts at 
a central pedestrian circulation point. Goods lifts should be kept 
separate from passenger lifts; though their use for carrying 
passengers at peak periods should be taken into account at the 
planning stage. 

The following maximum loads are stipulated for passenger 
lifts in blocks of flats: 

400kg (small lift) for use by passengers with hand 
baggage only 

630kg (medium lift) for use by passengers with prams 
and wheelchairs 

1000kg (large lift) can also accommodate stretchers, 
coffins, furniture and wheelchairs 

Lobbies in front of lift shaft entrances must be designed and 
arranged so that: (1) the users entering or exiting the lifts, even 
those carrying hand baggage, do not get in each other's way 
more than is absolutely necessary; and (2) the largest loads to 
be carried by the lift in question (e.g. prams, wheelchairs, 
stretchers, coffins and furniture) can be manoeuvred in and out 
without risk of injuring people or damaging the building and the 
lift itself. Other users should be not be obstructed by the loads 
more than is absolutely necessary. 

For a lobby in front of a single lift: (1) the available minimum 
depth between the wall of the lift shaft door and the opposite 
wall, measured in the direction of the lift car, must be at least 
the same as the depth of the lift car itself; and (2) the minimum 
area available should be at least the same as the product of the 
depth of the lift car depth and the width of shaft. 

For a lobby in front of lifts with adjacent doors the available 
minimum depth between the shaft door wall and the opposite 
wall, measured in the direction of the lift car depth, should be at 
least the same as the depth of the deepest lift car. 



load capacity (kg) 

400 

630 

1000 

operating speed (<m/s) 

0.63 

1.00 

1.60 

0.63 

1.00 

1.60 

2.50 

0.63 

1 00 

1.60 

2.50 

shaft 

minimum width, c (mm) 

1800 

1800 

1800 

minimum depth, d (mm) 

1500 

2100 

2600 

min. shaft pit depth, p (mm) 

1400 

1500 

1700 

1400 

1500 

1700 

2800 

1400 

1500 

1700 

2800 

min. shaft head height, q (mm) 

3700 

3800 

4000 

3700 

3800 

4000 

5000 

3700 

3800 

4000 

5000 

door 

clear width lift door, c 2 (mm) 

800 

800 

800 

clear width shaft door, s 2 (mm) 

2000 

2000 

2000 

E 

o 

o 

o 

o 

E 

iE 

minimum area (m 2 ) 

8 

10 

10 

12 

14 

12 

14 

15 

minimum width, r (mm) 

2400 

2400 

2700 

2700 

3000 

2700 

2700 

3000 

minimum depth, s (mm) 

3200 

3200 

3700 

3700 

3700 

4200 

4200 

4200 

minimum height, h (mm) 

2000 

2200 

2000 

2200 

2600 

2000 

2200 

2600 

lift car 

dear width, a (mm) 

1100 

1100 

1100 

clear depth, b (mm) 

950 

1400 

2100 

clear height, k (mm) 

2200 

2200 

2200 

clear access width, e 2 (mm) 

800 

800 

800 

clear access height, f 2 (mm) 

2000 

2000 

2000 

permitted no. passengers 

5 

8 

13 
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Structural dimensions, dimensions of lift cars and doors 
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LIFTS 



h 


1400 





General lift motor room for 
a set of lifts 



5 ) Shaft for a single lift 




no. of inhabitants on all floors 


© 


Transportation capacity requirements for flats with and without 
floors of offices: finite elements method <FEM) 


For Offices, Banks, Hotels etc. and 
Hospital Bed Lifts 

The building and its function dictate the basic type of lifts which 
need to be provided. They serve as a means of vertical transport 
for passengers and patients. 

Lifts are mechanical installations which are required to have 
a long service life (anything from 25 to 40 years). They should 
therefore be planned in such a way that even after 10 years they 
are still capable of meeting the increased demand. Alterations 
to installations that have been badly or too-cheaply planned can 
be expensive or even completely impossible. During the 
planning stage the likely usage should be closely examined. Lift 
sets normally form part of the main stairwell. 

Analysis of use: types and definitions 

Turn-round time is a calculated value indicating the time which 
a lift requires to complete a cycle with a given type of traffic. 

Average waiting time is the time between the button being 
pressed and the arrival of the lift car: 

average waiting time (s) - cycle time (s) 

number of lifts/set 

Transportation capacity is the maximum achievable carrying 
capacity (in passengers) within a five minute (300s) period: 

transportation capacity = 300(s) x car load (passengers) 

cycle time (s) x no. of lifts 

Transportation capacity expressed in percent: 

transportation capacity (%) - 100 x transportation capacity 

number of occupants of building 


carrying capacity (kg) 

800 

1000 (1250) 

1600 

nominal speed (m/s) 

0.631 1.0 | 1.6 | 2.5 

0.63 11.0 1 1.6 1 2.5 

0.63 11.0 1.6 | 2.5 

min. shaft width, c 

1900 

2400 

2600 

min. shaft depth, d 

2300 

2300 

2600 

min. shaft pit depth, p 

140011500 

1700 

2800 

14001 1700 

2800 

14001 1900 

2800 

min. shaft head height, q 

3800 

4000 

8 

O 

4200 

5200 

4400 

5400 

shaft door width, Ct 

800 

1100 

1100 

shaft door height, f, 

2000 

2100 

2100 

min. area of lift motor room (m z ) 

15 

18 

20 

25 

min. width of lift motor room, r 

2500 

2800 

3200 

3200 

min. depth of lift motor room, s 

3700 

4900 

4900 

5500 

min. height of lift motor room, h 

2200 

2800 

2400 |2800 

2800 

car width, a 

1350 

1500 

1950 

car depth, b 

1400 

1400 

1750 

car height, k 

2200 

2300 

2300 

car door width, e 2 

800 

1100 

1100 

car door height, f 2 

2000 

2100 

2100 

no. of people permitted 

10 

13 

21 


Structural dimensions (mm) -> (T) - (§): lifts allow wheelchair 
access 


ca rry i n g capac ity (kg) 

1600 

2000 

2500 

nominal speed (m/s) 

0.63 1.0 | 1.6 | 2.5 

0.631 1.0 1 1.6 1 2.5 

0.63 1 10 I 1.6 I 2 5 

min. shaft width, c 

2400 

2700 

min. shaft depth, d 

3000 

3300 

min. shaft pit depth, p 

1800|l700|l900 

2800 

16001700|l 900 

2800 

180011900|2100 

300C 

min. shaft head height, q 

4400 

5400 

4400 

5400 

4800 

5600 

shaft door width, c , 

1300 

1300(1400) 

shaft door height, f. 

2100 

min. area of lift motor room (m?) 

26 | 27 

29 

min. width of lift motor room, r 

3200 

3500 

min. depth of lift motor room, s 

5500 5800 

min. height of lift motor room, h 

2800 

car width, a 

1400 

1500 | 1800 

car depth, b 

2400 

2700 

car height, k 

2300 

car door width, e 2 

1300 1300 0400) 

car door height, f ? 

2100 

no. of people permitted 

21 | 26 | 33 


9J Structural dimensions of hospital bed lifts 
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SMALL GOODS LIFTS 



© 


Smalt goods 
lift loaded only 
from one side 


© 


With loading 
from both 
sides 


© 


With corner 
loading 






© 


Small goods lift and 
vertical sliding door 
opening at waist level 


loading arrangement 

one side access and 
loading from both sides 

corner access and loading 

payload, 

G (kg) 



100 



300 


100 



speed. 

(m/s) 



0.45 



0.3 


0.45 



car width = door width (CW 

= DW) 

400 

500 

600 

700 

800 

800 

800 

500 

600 700 

800 

800 

car depth 

(CD) 

400 

500 

600 

700 

800 

1000 

1000 

500 

600 700 

800 

1000 

car height = door height (CH 

= DH) 



800 



1200 

1200 


800 


1200 

door width, corner loading 

(DW) 

- 

- 

- 

- 

- 

- 

- 

350 

450 550 

650 

850 

shaft width 

(SW) 

720 

820 

920 

1020 

1120 

1120 

820 

920 1020 

1120 

1120 

shaft depth 

(SD) 

580 

680 

780 

880 

980 

1180 

1180 

680 

780 880 

980 

1180 

min. shaft head height 

(SHH) 



1990 



2590 

2590 


2145 


2745 

lift motor room door width 


500 

500 

600 

700 

800 

800 

800 

500 

600 700 

800 

800 

lift motor room door height 





600 





600 



loading point clearance 




1930 



2730 

2730 


1930 


2730 

loading point clearance 





700 



450 


700 



min. sill height at 




600 



800 

800 


600 


800 

lowest stopping point. 

B 
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Dimensions of small goods lifts 




lift mot or room extending to the j 'ight 

lift motor room _. 

■ extending to the left ' 


© 


Goods lift with loading 
from both sides 


© 


Goods lift with loading 
only from one side, and the 
lift motor room 


load carrying capacity 

(kg) 

630 

1000 

1600 

2000 

2500 

3200 

nominal speed 

(m/s) 


0.40 0.63 100 


lift car dimensions 

(mm) 







CW 


1100 

1300 

1500 

1500 

1800 

2000 

CD 


1570 

1870 

2470 

2870 

2870 

3070 

CH 


2200 

2200 

2200 

2200 

2200 

2200 

door dimensions 

(mm) 







DW 


1100 

1300 

1500 

1500 

1800 

2000 

DH 


2200 

2200 

2200 

2200 

2200 

2200 

shaft dimensions 

(mm) 







SW 


1800 

2000 

2200 

2300 

2600 

2900 

SD 


1700 

2000 

2600 

3000 

3000 

3200 

SPH 0.4 and 0.63 

(mm) 

1200 

1300 

1300 

1300 

1300 

1400 

1.0 

(mm) 

1300 

1300 

1600 

1600 

1800 

1900 

SHH 0.4 and 0.63 

(mm) 

3700 

3800 

3900 

4000 

4100 

4200 

1.0 

(mm) 

3800 

3900 

4200 

4200 

4400 

4400 

PHH 

(mm) 

1900 

1900 

1900 

2100 

1900 

1900 


'To) Structural dimensions -- drive pulleys -- goods lifts -» (8) - (9) 



(TT) Cross-section > (8) - (9) 


Small goods lifts: payload 
>300kg; car floor area <0.8m 2 ; 
for transporting small goods, 
documents, food etc.; not for 
use by passengers. The shaft 
framework is normally made 
of steel sections set in the 
shaft pit or on the floor, and 
clad on all sides by non¬ 
flammable building materials. 
-> 0 - (6) Dimensions and 
load-carrying capacity > (7). 

The following formula is 
used to estimate the time, in 
seconds, of one transport 
cycle: 

Z = 2 h + B. + H <t, + t 2 ) 

V 

where 

2 = constant factor for the 
round trip 

h = height of the lift (m) 
v = operating speed (m/s) 

B 2 = loading and unloading 
time (s) 

H= number of stops 
t-j = time for acceleration and 
deceleration (s| 
t 2 = time for opening and 
closing lift shaft doors (s) 
With single doors t 2 = 6s; with 
double doors, 10s; with 
vertical sliding doors for 
small goods lifts, about 3s. 

The maximum transport¬ 
ation capacity in kg/min can 
be found from the time for 
one transport cycle, Z, and 
the maximum load the lift can 
carry: 

max. load (kg) x 60 
Z (s) 

Under building regulations, 
the lift motor room must be 
lockable, have sufficient 
illumination and be of a size 
such that maintenance can be 
carried out safely. The height 
of the area for the lift motor 
must be >1.8m. 

For food lifts in hospitals, 
the lift shafts must have 
washable smooth internal 
walls. 

An external push-button 
control must be provided for 
calling and despatching the 
lift to/from each stopping 
point. 

Larger goods lifts may be 
designed to convey goods 
and carry passengers 
employed by the operator of 
the installation. 

Accuracy of stopping: for 
goods lifts without deceler¬ 
ation - ±20-40 mm; for pas¬ 
senger and goods lifts with 
deceleration = ±10-30 mm 

Speeds: 0.25, 0.4, 0.63 and 
1.0 m/s. 
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Plan view of shaft with lift motor room 






® 


Vertical section of shaft 



2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 H 

height of lift (m) 

4 j Graph to determine shaft head height SHH; shaft pit depth SPD; 
cylinder shaft depth CSD; cylinder shaft diameter D 




payload 

Q * 5000 kg 

Q * 10 000 kg 

shaft width SW 

shaft depth SO 

CW + 500 

CW + 550 

CD + 150 with one door 

CD + 100 with opposite doors 

approx, measurements 

for lift motor room width 

(lift motor room should 

be within 5 m depth 

of the shaft but may be 

further away if 

absolutely necessary) height 

2000 

2200 

2600 

2800 

2200 

2700 


(^T) Technical data -» ©-( 



(^T) Rucksack arrangement 1:1 


(kg) 630 1000 1600 


0.30 

0.47 


max. lift height (m! 6.0 7.0 


car dimensions (mm) 
W _ 


1100 

J500 

2200 


1300 1500 
1700 2200 
2200 '2200 


door dimensions (mm) 


1100 1300 1500 


2200 2200 2200 


shaft dimensions (mm) 


1650 

1600 


SPH min. 1200 1400' 1600 


SHH min. 3200 3200 3200 


"JH 


rrr i rrrmrr 

|'' ] 1111:1! i 
I MM | 

1LyJ11 UtJ' 

L-II_ l 




Tandem arrangement 1:1 


200 



capacity (kg) 

630 

1000 

1600 

speed (m/s) 

0.28 

0.30 

0.24 


0.46 

0.50 

0.42 


0.78 

0.80 

0.62 

max. lift height (m) 

13.0 

16.0 

18.0 

car dimensions (mm) 




W 

1100 

1300 

1500 

D 

1500 

1900 

2200 

H 

2200 

2200 

2200 

doer dimensions (mm) 




W 

1100 

1300 

1500 

H 

2200 " 

2200 

2200 

shah dimensions (mm) 




W 

1650 

1900 

2150 

D 

1600 

2000 

2300 

SPH min. 

1200 

1400 

1600 

SHH min. 

3200 

3200 ' 

3200 


dimensions -» (8) 



(IT) Tandem 2:1 


HYDRAULIC LIFTS 

These meet the demand for 
transporting heavy loads 
economically up and down 
shorter lift heights and are 
best used for up to 12 m lift 
height. The lift motor room 
can be located remotely 
from the shaft itself. 

Standard direct-acting 
piston lifts can be used to 
lift payloads of as much as 
20t up to a maximum 
height of 17m » ® - ( 3 ), 

while standard indirect 
acting piston lifts can lift 7t 
up to 34m. The operating 
speed of hydraulic lifts is 
0.2-0.8m/s. A roof mounted 
lift motor room is not 
required. Several variations 
in hydraulics can be found 
>©-(§). The most com¬ 
monly used is the centrally 
mounted ram -» ®-(3). 

The ram retraction 
control tolerance, regard¬ 
less of load, has to be kept 
within ±3mm, so that a 
completely level entry into 
the lift car is obtained. 
Height clearance of the lift 
doors should be 50-100mm. 
greater than other doors. 
Double swing doors or 
hinged sliding doors can be 
fitted - either hand-operated 
or fully automatic, with a 
central or side opening. 


capacity 

(kg) 

1600 

2000 

2500 3200 

speed 

Im/s) 

0 15 

0.18 

0 24 0.20 



0.24 

0 30 

0 38 0 30 

max. lift height (m) 

6.0 

7.0 

7.0 7.0 

car dimensions (mm) 





W 

1500 

1500 

1800 2000 


D 

2200 

2200 

2700 3500 


H 

2200 

2200 

2200 2200 

1 door dimensions (mml 





W 

1500 

1500 

1800 2000 


H 

2200 

2200 

2200 2200 

| shah dimensions (mm) 





W 

2200 

2200 

2600 2800 


D 

2300 

2800 

2800 3600 


SPH min 

1300 

1300 

1300 1300 


SHH min 

3450 

3450 

3450 3450 

dimensions 





capacity 

(kg) 

1600 

2000 

2500 3200 

speed 

(m/sl 

0.23 

0.19 

0.25 021 



0.39" 

0.32 

0.39 6.31 



061 

0.50 

0.64 0 51 

max. lih height 

fm) 

13.0 

140 

16.0 18.0 

car dimensions 

(mm) 





W 

1500 

1500 

1800 2000 


D 

2200 

2200 

2700 3500 


H 

2200 

2200 

2200 2200 

! door dimensions (mm) 





W 

1500 

1500 

1800 2000 


H 

2200 

2200 

2200 2200 

shah dimensions (mm) 





W 

2300 

2300 

2600 2900 


D 

2300 

2800 

2800 3600 


SPH min. 

1300 

1300 

1300 1300 


SHH min. 

3400 

3550 

3650 3650 


dimensions (9) 























































PANORAMIC GLASS LIFTS 



Q Octagonal car shape Hexagonal shape 


protective panelling in 
circulation areas 



Panoramic lifts are available in a variety of cabin shapes • 
CO - © and a carrying capacity of 400-1500kg (5-20 
passengers). There are several possible drive systems and 
nominal speeds, depending on the height of the building 
and requirements for comfort: 0.4, 0.63, I.Om/s with a three- 
phase a.c. drive; and 0.25-1.0m/s with a hydraulic drive. 
Construction materials used are glass and steel - polished, 
brushed or with high gloss finish - brass and bronze. 

The panoramic lift enjoys great popularity. This applies 
both to external lifts on the fagades of imposing business 
premises from which passengers can enjoy the view, and 
internal lifts in department stores or in foyers of large 
hotels where they look out on to the sales floors and 
displays. »©-(n) 

Stairlifts 

Stairlifts allow people with impaired mobility to move 
between floors with ease. They can be used on straight or 
curved stairways, and traverse landings. Aesthetics and 
maintenance of the rail mechanism must be given careful 
consideration during design and installation. In the UK, BS 
5776: 1996 Powered stairlifts defines the requirements for 
such lift installations in domestic properties as well as in 
other buildings. 
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RENOVATION OF OLD BUILDINGS 



(T) Survey: measurement sketch (^) 





(3^) Survey: elevation drawing (7) Survey: plan layout, drawing 



slope 
'• water 


dammed-up 
/ water 



Main points of attack by 
non-pressurised water 



through 

/^q\ Damp-proofing from inside 
with partially inaccessible 
outer wails 



(T?) Repai rs to soil side of 
masonry foundations 


Repairing, modernising, converting or adding structural 
extensions to an old building requires a different approach 
to the design process than for new buildings, it should be 
remembered that old buildings are often protected by law 
(e.g. listed buildings in the UK). 

The first task in any renovation project is a thorough 
survey of the existing structure, in which every important 
component and detail has to be carefully inspected. The 
survey begins with a general description of the building {the 
plot, building specifications, applicable regulations or 
bylaws, the age of building and any historical design 
features, the use of the building {domestic or commercial) 
and any other features of interest) followed by a description 
of the building materials and the standard of the fittings, the 
technical building services, the framework and structural 
characteristics. Details about ownership, tenants and 
income from rental etc. should also be included. Sketches 
should be made and measurements taken so that plans of 
the building can be drawn ->(T)-@. 

The survey must also describe the building's condition, 
with details of specific areas (fagades, roof, stairs, cellar, 
and individual rooms), and all significant defective areas 
should be noted -^(5). Typical problems include: cracked 
chimney tops, damaged and leaking roof structure, dry rot 
or woodworm in the timber {eaves, roof and wall 
connections, wooden joists in floors, doors, stairs etc.), 
cracks in the masonry and plaster, structural damage, 
leaking fagades and guttering, no heat insulation and 
underlay, and cellar walls in need of damp-proofing. If 
structural steelwork is in place it should be checked for 
rust. 

It is common to find that the existing heating and 
sanitation are unusable and that underground lines and 
house connections are damaged or possibly 
underdesigned. 




ir 


/gA Retrofitted damp-proofing 
^ and drainage in cellar area 


© 


Injected damp-proofing 




12 


Retrofitted horizontal 
{damp-proof course) 


Pinning of a tilting corner 
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RENOVATION OF OLD BUILDINGS 







external insulation 
with highly vapour 
permeable insulating 
material under back- 
ventilated panelling: 
wood shingle, 

24/48mm battens, air 
gap, 40 mm heat 
insulation, old lime 
plaster, mud and 
straw with wooden 
supports made from 
oak canes and 
willow, inner plaster 
(lime} 




Exterior panelling 



wall construction with 
new masonry infill, 
mineral insulation 
boards and bricks, and 
framework visible 
from outside and 
inside: mineral 
external plaster, 60 mm 
calcium silicate 
insulating board, 
mortar- based 
adhesive, 52mm solid 
bricks, lime plaster, 
cellular rubber strip 




© 


Panel built up with earth and 
wooden canes, filled in with 
building rubble, with klinker 


nogging 


The early half-timbered houses contained no metal (nails, 
screws etc.) and repairs are possible using only parts made 
from wood if the intention is to preserve the house in its 
original state. The filling material used within the 
framework was traditionally earth or exposed masonry. 
There is no modern material that can be recommended as 
a substitute so these panels should be maintained and 
damaged ones repaired. Infilling with brickwork will stiffen 
the house and this is contrary to the structural principles of 
half-timbered structures. 

The main defects encountered in half-timbered buildings 
appear in verges, eaves and roof connections, gutters and 
downpipes, connections on window plinths and other 
timber joints, where dry rot, fungal growth, mould, insects 
and water penetration can all cause problems 

With old stone buildings, which may be either ashlar or 
'rubble' construction, the main problems are with 
bulging/bowing of the walls, often accompanied by 
cracking, defective pointing, erosion and decay of the 
stones. As with conventional brick walls, there are effective 
restoration techniques to deal with these problems but it is 
important to understand the cause of the damage in order 
to make the repairs completely effective. If there are clearly 
major defects professional advice should be sought. 





construction with good 
heat insulation, internal 
frame panelled: external 
mineral plaster, 25 mm 
lightweight wood wool 
composite panel, 

2 x 40 mm mineral fibre 
insulation boards, 

24/48mm battens, 
plasterboard or 
lightweight wood wool 
composite panels and 
reed mats, rendered 




construction with 
framework visible from 
outside and inside: 
15mm silicate plaster, 
fabric, 20 mm 
lightweight wood wool 
composite panels, 
80mm mineral fibre 
insulating board, 25 mm 
lightweight wood wool 
composite panel, mesh 
(non-metallic), lime 
plaster 




New panel 
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REFURBISHMENT. MAINTENANCE 
AND CHANGE OF USE 


RENOVATION OF OLD BUILDINGS 




2J Designs of purlin and coupled roofs 



The roof is the part of a building that is subjected to the 
worst effects of the weather and roof maintenance is 
therefore crucial. Small defects, which may go unnoticed, 
can result in significant damage if left for a period of time. 
For a renovation project to be successful it is vital to have 
the roof framework and cover in perfect condition. 

(D + (5) 

Historically, the material used for roof construction in 
most parts of the world has been wood and all forms of roof 
truss are still based on triangular bracing in many different 
designs 

To avoid later claims for damage, a thorough knowledge 
of the load distribution is required before carrying out roof 
renovation. Roof loads do not consist just of the dead 
weight of the roof and snow loading: rather, because roofs 
have a high surface area, loads are mainly imposed by 
wind. The condition and existence of wind bracing is 
therefore of great significance for the stability of the roof 

Where there is no cellar below, it is recommended that 
existing floor coverings with no heat insulation or damp- 
proof membrane be renewed with a completely new 
structure ->(§) + ®. 




® 


Repair of a coupled roof 
using plastic joints or 
wooden joint splicing 



damaged tensile 
anchoring, sagging ridge 



© 


Removal of ties leads to 
displacement caused by 
wind pressure 



© 


Old natural stone flooring 
in areas with no cellar 


® Floor renewal on concrete 
slab 
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RENOVATION OF OLD BUILDINGS 


r set in boards on battens 


sand filling 






beam 

frame 


lathing 


plaster 


(ceiling construction with new set i 
hoards on battens) 

filling 


battens wood woo! 

composite panels 

(insulation of wooden beam floor on 
cellar side) 

insulating filling 


W. 


existing boards 



lathing on spring clips 

- plasterboard 

1 j Acoustic improvement 
with suspended ceiling 

— carpet 


© 


fL lathing on spring clips 
*- plasterboard 12.5mm 

© Acoustic improvement of 
floor 

upper floor 50 mm separating 

on chipboard concrete slab r layer 



floor beam 


mud and straw filling 


(impact sound insulating floor construction 

with poured asphalt screeding) 

carpet chipboard soft fibreboard 


plasterboard on 
battens 

(old beam frame with valuable 
individual ceiling sections is retained) 
parquet p chipboard_ 


p parquet |- cm 



old beam, mud 
and straw filling filling 

2 j New floor covering (impact 
sound insulation) 




© 


wooden 
boards, 
timber 
supports, 
sand filling, 
cellar 
vaulting 

' ioden boarded floor above cellar vaulting 



old beam system only valuable ceiling 

carries ceiling below on plaster base 

Insertion of new steel 
beam floor 

.^gypsum plasterboard, 

/*V mineral fibre matting. 

V __ air gap. gypsum 

plasterboard 


gypsum plasterboard, 
studs, mineral fibre 
matting, composite 

wooden panelling, 
studs, insulating 
strips, composite 
panels, plasterboard 



zzs mi stzttreiATragjra 


- wooden panelling, 
studs, loosely 
suspended bitumen or 
mineral fibre matting, 
studs, plasterboard 
composite boards 

gypsum plasterboard, 
loosely suspended 
bitumen or mineral 
fibre matting, studs, 
plasterboard 


Floor above cellar vaulting 


(new) 



Light partitioning for old 
buildings 


normals 

lower door stop, old 





cladding 


New oak door drip on old 
wooden frame 


In early times the sizing of load-bearing floor beams in old 
buildings was calculated empirically by the carpenter. The 
loads are normally carried by cross-beams which are 
supported by one or more longitudinal joists. 

An old building manual from 1900 gives a ratio of 5:7 for 
the height and the width of a beam as a starting point for 
the determination of the required beam strength. Another 
rule of thumb held that the beam height in cm should be 
approximately half the size of the room depth in 
decimetres. Because of these methods, old wooden beam 
floors often display significant sagging. However, this does 
not endanger the structural stability as long as the 
permitted tensions are not exceeded. 

There are several options when carrying out renovation 
work: for example, joists can be strengthened by adding a 
second wooden beam and an improvement in load 
distribution can be achieved with the installation of 
additional floor beams or steel girders ->®-(4). In 
addition, the span can be shortened by installing one or 
more additional joists or a supporting cross-waH. However, 
structural changes of the framework must be preceded by 
an accurate analysis of all load-carrying and stiffening 
functions and the integrity of all connections must be 
checked thoroughly. 



A 


l i 


l 



illustration of a load-distributing lower 
chord for light partition walls 



poor 

© 


good 

Level compensation in 
threshold area 






^ 22 / 28 ^Zj 

“ “ 



Reinforcement of a single-pane window as a composite window 
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RENOVATION OF OLD BUILDINGS 




Stairs 

External and internal stairs are significant structural 
features in old buildings. If the stairs are in poor condition 
remember the most important rule for repairs is: repair only 
what can be repaired -> © - 

External stairs are mostly made of natural stone and 
normally serve to reach floor levels on plinths ->(2). Worn- 
down stone steps can sometimes be restored if they are 
reversed and dressed underneath. 

There are many types of design and materials used for 
internal stairs although the most common material used is 
wood. 

Wet rooms and bathrooms 

Improvement in sanitary facilities is one of the most 
important modernisation tasks. Planning of the new 
solutions should be highly sympathetic to the existing 
layout and then coordinated with the technical necessities 

Walls and floors must be planned and installed with 
care. The most serious damage to be avoided is that 
associated with leaks around showers and baths 
Faulty or missing vapour barriers mainly on outer walls 
with internal insulation can also lead to condensation 
forming in the structure. This is a major cause of rot and the 
incidence of mould. 






© 


Widening to bath length 
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" view of oriainal 

Pipes/lines laid in surface-mounted ducts 


view of new arrangement 



■ timber framed wall 

• vertical battens every 30cm 

• core impregnated 
plasterboard 

• sealing filler 

• wall tiles fixed with flexible 
tile glue |PVA> 

• permanent elastic jointing 

• glued floor tiles 

• 4.5cm screed, reinforced 
construction 

■ side welded membrane at 
least 5 cm above upper 
surface of floor 



12 


Floor/wall structure 
damp areas in a hal 
timbered buitding 


Floor/wall structure in 
damp areas in a masonry 
building with wooden 
beam floors 


wooden 

boarding 


- old filling 

r false floor 
- floor beam 





. tiles 
_ — screed 

moisture barrier 
lean concrete 
damp proof 



I 


tiles - 

sc reed/mortar bed —. . . 

damp proof course - 

dry screed 

differential beam - 

dratn pipe Inom 100mm) 

ceiling filling - 

false floor - 

false floor support - 

ceiling plaster - 

ceiling beam - 


(To) Sealing options for 
wooden beam floors 


© 


(11) Laying waste pipe below 
new floor 



Important details in damp 
locations 


1j>) Noise insulating double¬ 
leaf wall construction 























Spaceframe/view of roof 



701 
- 970 


H 


11 x 7.30 x 80 30 m 


row D 

h S"fTTTl 1070 

©@@©®(D©®®©0© 


© 


Static system to allow for movement 


3 layers mineral fibre insulation 




0.8mm aluminium 
standing seam sheet 
| PE foil vapour barrier 




T MERO tubular rods 



© 


Roof skin structure, 
longitudinal view 


fixing clip, galvanized 
Z section 




MAINTENANCE AND RESTORATION 

Examples of solutions 

In this example, the aim was to preserve an old wooden 
structure by covering it with an arched steel roof. 

The multipurpose hall built in Munster in 1928 was 
covered over with a steel roof which was so badly damaged 
in the Second World War that it had to be completely 
renewed. However, after the war steel was too expensive to 
consider, so for 35 years the 37 x 80 m hall was covered only 
by a wooden network shell with no columns. The structure 
carried just its own weight, snow load or loads such as 
lighting platforms, and had no heat insulation. 

Project requirements 

The new roof skin must: 

• meet heat insulation regulations; 

• insulate the inside from external noises and keep 
internal reflected sound to a minimum. 

The new structure should also: 

• carry special loads, such as sporting equipment, 
backdrops, lighting bridges etc.; 

• be sufficiently strong to be walked on; 

• be able to be mounted on the existing foundations; 

• allow the network construction to be maintained; 

• offer planning and manufacturing times as short as 
possible. 

Solution 

A spaceframe structure made from circular-section tubes 
screwed into nodes gave the required minimisation of the 
total weight and the existing wooden structure was 
suspended from this -> (T). Twenty-two of these spaceframe 
arches are cross-linked by expanding diagonals and bridge 
an area of 37.34 x 80.30m. One of the two 70cm high rows 
of supports has sliding bearings to allow movement and the 
second row is designed as a pin-jointed support system 
->(6). Ten transverse catwalks are installed in the 
spaceframe ®. 

Small cranes preassembled seven large-scale structural 
elements, weighing up to 32t, which were then put in 
position in 2V2 days with a 500t crane ->(7)-®. 

The structure is galvanized and painted with a PVC 
acrylic paint and a special insulation layer for corrosion and 
fire protection. The roof skin consists of purlins, steel 
trapezoidal sheets, a vapour barrier, heat insulation and 
aluminium standing seam sheeting to protect from rain 
->©-©• 

The parties involved were: Munsterlandhatle GmbH, 
Hochbauamt Munster, MERO spatial structures and 
numerous specialist engineers. 




© 


70 cm high support allowing 
one-way movement —> (3) 


© 


© 


Lifting a space frame section into place 
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MAINTENANCE AND RESTORATION 





Longitudinal section —> ( 5 ) 





new crane takes over dismantling old 
roof; parts removed through the still- 
open west gable; outer walls and roof 
are then closed up 


© 


Dismantling of old roof 
begins 



existing 
construction 
between forging 
shop and administrative 
building is removed 

© First demolition stage 


m 


HI 



© 


Section of fa 9 ade with 
fresh air openings 


In this example a renewal and extension was carried out by 
building a steel frame over the top of an existing building. 
On densely built-up land in Munich a light metal works had 
reached a stage at which it became necessary to renew and 
extend the forging shop. The old building had already been 
altered many times and with the installation of new 
machines had undergone many different roof 
reconstructions -> © - (3). 

The requirements for the new shop were that it should: 

• have substantially greater headroom; 

• stand within the building lines of the old shop, 
because there was no possibility of pulling it down 
and rebuilding; 

• not interrupt production for more than 2-3 weeks and 
keep disruption to the minimum; 

• have an aesthetically attractive appearance that is in 
keeping with the adjacent listed administrative 
building; 

• permit the addition of a second building phase. 

Solution 

The architects selected a steel structure to take advantage of: 

• a column-free building ->(2) + (3); 

• a large span with low dead weight 

• opportunities for prefabrication and assembly in a 
short time with lightweight equipment, a decisive 
factor in the project. 

The outer walls consist of suspended concrete- 
composite prefabricated panels. These provide the high 
noise insulation mass and robustness required for a forging 
shop as well as permitting dry assembly. 

Conversion work was precisely planned: after assembly of 
the steel structure the old shell was dismantled with a new, 
in-house overhead travelling crane and at the same time the 
new roof covering was progressively fitted 

The sloping roof with trussed rafters is hipped at one 
end of the building in order to match the hipped roof of the 
administrative building, to maintain the spacing heights 
and to permit natural ventilation. Air supply louvres are 
built into the outer walls and extract air openings are in the 
roof ridge -»(§) + ®. 




© 


Dismantling of old walls 
begins 



JO) The new building is planned with regard to the old one 
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Design: Busmann & Haberer 

(jJ Cologne Central Station with platform canopies 



© Curved trusses span 62 m 

uiiiio yPhnnffi 


end truss on 
top beam 

A) old verge cornice 

B) new verge cornice: reduced number of 
profiles; great attention paid to water run-off 

® Cornices 



Old wind bracing installed right down to platform; new bracing 
with strengthened curved trusses in lower area 



( 5 ) Section through main hall, with travelling internal scaffolding 



MAINTENANCE AND RESTORATION 

This example examines the refurbishment of the main 
platform hall of Cologne Central Station. All corrosion and 
residual war damage was to be removed from the beautiful 
80-year-old steel structure, which has 30 main curved 
trusses. The multilayered roof skin and strip rooflights also 
had to be renewed. The historical shape had to be retained, 
despite the use of modern materials, and the building work 
could not significantly affect railway operations and traffic. 

Solution 

A travelling steel internal scaffolding unit was planned to 
give simultaneously a working platform and protect the 
railway operations below from falling tools or building 
components. It used the MERO nodal rod system, with 1400 
nodes and 5000 rods, and consisted of five main 
components that were connected together to make one 
SOtonne element of 38 m x 56 m. It was moved in sections 
on six tracks and in three-weekly cycles. The individual 
parts, which were pre-assembled in a goods yard, were 
mounted on wagons and put together under the main hall 
arch according to a time plan that had to be accurate to the 
minute (§). 

An illustration of how new technology was used in the 
restoration work is shown in the renewal of the transverse 
wind bracing. The old system connected two curved trusses 
respectively into one rigid unit and the round steel wind 
bracing extended right down to the luggage platform. In the 
new system, four curved trusses are respectively combined 
in the lower area to make a flexurally rigid frame and the 
expansion joints reduced -4®. Although the cornice details 
etc. have a lower number of profiles, they have also been 
designed to look almost identical to the old ones ->(3). 

Following completion of the restoration of the main hall 
it was planned to renew the vaulted roofs to the south east. 
Being close to the cathedral and a new museum, the 
requirements went far beyond simple functionalism and the 
awkward geometry of the tracks added further difficulty. 
Three proposals were made during an expert survey 
Two used intermediately suspended and 
differently curved shell construction. The third proposed a 
spatially effective bearer system, which spans the whole 
area, like crossed vaulting Because this system 

offered considerable advantages it was recommended for 
further development. 




IT) Design proposal for implementation by Busmann & Haberer 
'— y with prof. Polonyi 


209 








(^©) Maisonettes - © 


rq; 

t: f 

b© 
r. > 
i—1 

h - 
l_i 

a) 

I—! 

I J 

p\- 


■§'b' 

H h 


y u 

}-i r-; 


n m 

u U 

fl.fi 


” ; P 


i—t 
: I 

£ 

I—i 


© 


T\ Covent Garden, London 

D-® 


(®) Town hall > (T) 



CHANGE OF USE 

There is currently enormous interest in converting 
structurally sound old buildings for new uses. 

-» (T)-(3) Previously a textile factory, the spinning hail was 
converted into a town hall and the textile mill was 
converted into dwellings and business premises. A hotel 
was created from the wool store. 

->@-® The old market halls at Covent Garden now house 
shops, restaurants and a pub. Offices have been installed 
on the upper floor. 

-» ®-(D "*"his silo plant is now an architect's office. Walls 
had to be taken out and bridge-type platforms installed to 
connect the silos at different levels. 

-> ®-(n) A waterworks that supplied Rotterdam with water 
until 1975 is now an arts centre, with workshops and 
dwellings too. 



\SJ Plan: a silo plant converted into an architect's office ► (Jh 

JeU 





Architect: R. Bofill 
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CHANGE OF USE 



© 


Before: market hall; 
after: multipurpose hall 


© 


Inside view 


♦ © 




© 


Before: telephone factory; after: dwellings 


Fiats in Boston, USA 

(1) - (2) This former piano factory has four wings surrounding 
an inner courtyard. The building is narrow and has many 
window openings, which made it highly suitable for flats. 

Pavilion Baltard, Nogent-sur-Marne, France 

“ 4 (D “ @ An old market hall is now a multipurpose hall 
suitable for events with up to 300 attendees. There are new 
parking facilities and function rooms in the basement. 

Culture centre, Geneva 

(D“® This building, which had existed since 1848 and 
was previously a slaughterhouse, was converted into a 
culture centre with exhibition rooms, a theatre, music 
rehearsal room and a restaurant. 

Flats, Nestbeth Housing, New York 

(8) There are now 384 flats in this former telephone 
factory. In addition, shops, workshops, exhibition rooms, a 
cinema and rehearsal rooms were created on the available 
area of about 60000 m 2 . 

Schloft Gottorf, Schleswig 

(D - (Q) This former riding hall was converted into a museum 
and now houses a collection of contemporary art. The building 
is the most significant cultural building in the region. 

School building, San Francisco 

-> (|2) Originally a storehouse, this building is now a school. 
The fourth and fifth floors contain training laboratories, the 
second and third floors house the school and there are 
more laboratories on the first floor. 





(12) Former storehouse is 


now a school 
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SPACE REQUIREMENT AT FULL SPEED ( 50km/h) 


ROAD DIMENSIONS 





SPACE REQUIREMENT AT LOWER SPEED (< 40km/h) 



® Bus/bus (ij) Lorry/lorry {12) Lorry/car 



(7) Lorry/bicycle 



4.75 



(13) Lorry/bicycle 




- clearance limit 

. limit of space for traffic 

Basic dimensions for traffic space 
and a selection of cases showing 
the clearance necessary for traffic 
passing in opposite directions 
both at full and lower speeds 



(l6) Car/car 



(l8) Car/bicycle 



safe side clearance 

safe head room 

pedestrians 

clearance limit 

limit of space for 

traffic 

cyclist 

motor vehicle 


The road space necessary 
for the free movement of 
vehicles comprises vehicle 
size, —> pp. 432-3, side and 
head clearances, an extra 
allowance for oncoming 
traffic, and space for verges, 
drainage gutters and hard 
shoulders. Based on a vehicle 
height of 4.20 m —» @, the 
safe clearance height is 4.50 
m although it is better to 
allow 4.75 m to cater for 
repairs to the carriageway 
surface. The safe side 
clearance —> (1^) is dependent 
on the maximum speed limit 
for that area: >1.25m for 
roads with >70 km/h limit; 
>0.75 m with a limit of 
<50 km/h. 

The basic space required 
for cyclists is 1 m wide by 
2.25 m high; for pedestrians 
it is 0.75 m by 2.25 m. For 
sufficient head clearance for 
foot- and cycle paths, 2.50 m 
should be allowed. The safe 
side clearance for cyclists is 
0.25m. 
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ROAD DESIGN 



To harmonise the design, construction and operational use 
of roads, standard cross-sections should be strictly 
observed unless there are special reasons. The standard 
cross-sections for open roads are shown here -> (T) as are 
those for roads in built-up areas -»(2). 

Notation (e.g. 'c6ms'): 

• a-f the cross-sectional group with the basic lane width 

being 3.00-3.75m 

• 6 the number of lanes in both directions of travel 

• m a central reservation {physical separation of the 

directions of travel) 

• s a hard shoulder 

• r path for cycle riders within the cross-section 

• p parking bays or parking spaces on the edge of the 

road. 

For application areas of these standard cross-sections 

p. 214 



© 


Standard cross-sections for open roads 





c4pr 



A positive image of space on the road can be created by 
clear but subtle dimensional changes, varying the layout of 
the individual cross-sectional parts, and a rich variety of 
vegetation on the verges. The landscaping of the road 
should promote a feeling of well-being not only on the open 
road but also inside towns. 

The verges on either side of the road have an influence 
on both the functional and visual shaping of space. The 
following items have to be co-ordinated: foot- and cycle 
paths alongside the roadway, areas for stationary vehicles, 
areas for public transport, residential areas and areas for 
manufacturing plants and commerce. 
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ROAD DESIGN 


! Field of application 

Type of road 


Road 

category 

Traffic loading 
(vehicles/hr and speed) 

Special criteria 
of application 

Standard 

cross-section 

Type of 
traffic 

Speed limit 
Vpcrmfkm/h) 

Junctions 

Design speed 

V e (km/h) 

1 

2 

3 

4 

5 

6 

7 

8 

A 1 

< 3800 with V = 90 km/h 

< 2800 with V = 110 km/h 


a 6 ms 

motor v 

- 

different level 

120 100 

< 2400 with V = 90 km/h 

< 1800 with V = 110 km/h 


a 4 ms 

motor v 

- 

different level 

120 100 

< 2200 with V = 90 km/h 

< 1800 with V = 100 km/h 

With light lorry traffic 
or restricted conds. 

b 4ms 

motor v 

- 

different level 

120 100 

< 1700 with V = 70 km/h 

< 900 with V = 90 km/h 


b 2 s 

motor v 

< 100 (120) 

(diff. level) 
same level 

100 90 

< 1300 with V = 70 km/h 

< 900 with V = 80 km/h 

With light lorry traffic 

b 2 

motor v 

< 100 

(diff. level) 
same level 

100 90 

A il 

< 4100 with V = 70 km/h 

< 3400 with V = 110 km/h 


b 6ms 

motor v 

- 

same level 

100 90 

< 2600 with V = 70 km/h 

< 2200 with V = 90 km/h 


b 4ms 

motor v 

- 

different level 

100 90 

< 2300 with V = 70 km/h 

< 2100 with V = 80 km/h 

With light lorry traffic 
or restricted conditions. 

c 4m 

motor v 

< 100(80) 

(diff. level) 
same level 

100 90 (80) 

< 1700 with V = 70 km/h 

< 1400 with V = 80 km/h 


b 2s 

motor v 

< 100 

same level 

100 90 80 

< 1600 with V = 60 km/h 

< 900 with V = 80 km/h 

With light lorry traffic 

b 2 

motor v 

< 100 

same level 

100 90 80 

< 1700 with V = 60 km/h 

< 900 with V = 80 km/h 

With agricultural traffic 
> 10 veh/h 

b 2s 

general 

< 100 

same level 

100 90 80 

< 1300 with V = 60 km/h 

< 900 with V - 70 km/h 


b 2 

general 

< 100 

same level 

100 90 80 

< 1000 with V = 60 km/h 

< 700 with V = 70 km/h 

With light lorry traffic 

d 2 

general 

< 100 

same level 

100 90 80 

A til 

< 2600 with V = 60 km/h 
<2100 with V = 80 km/h 


c 4m 

motor v 

< 80(100) 

(diff. level) 
same level 

(100) (90) 80 

< 2300 with V = 60 km/h 

< 1800 with V = 80 km/h 

With light lorry traffic 
or restricted conds. 

d 4 

motor v 

< 80 

same level 

80 70 

< 1700 with V = 60 km/h 

< 900 with V = 70 km/h 

With agricultural traffic 
> 20 veh/h 

b 2s 

general 

< 100 

same level 

80 70 

< 1600 with V = 50 km/h 

< 900 with V = 70 km/h 

With heavy lorry 
traffic 

b 2 

general 

< 100 

same level 

80 70 

< 1300 with V = 50 km/h 

< 700 with V = 70 km/h 

< 800 with V = 50 km/h 

< 700 with V = 60 km/h 

With light lorry traffic 

d 2 

e 2 

general 

general 

< 100 

< 100 

same level 

same level 

80 70 60 

80 70 60 

A IV 

< 1400 with V = 40 km/h 

< 1000 with V = 60 km/h 

With heavy lorry 
traffic 

d 2 

general 

< 100 

same level 

80 70 60 

< 900 with V = 40 km/h 

< 700 with V = 50 km/h 


e 2 

general 

< 100 

same level 

80 70 60 

< 300 

Measurement not tech, 
practical 

f 2 

general 

< 100 

same level 

70 60 

B II 

< 2800 with V = 60 km/h 

< 2400 with V = 80 km/h 

With heavy lorry 
traffic 

b 4ms 

motor v 

< 80 

different 

level 

80 70 

< 2600 with V = 60 km/h 
<2100 with V = 80 km/h 


c 4m 

motor v 

< 80 

diff. level 
(same level) 

80 70 (60) 

< 2500 with V - 50 km/h 
<2100 with V = 70 km/h 

With light lorry traffic 
or restricted conds. 

d 4 

motor v 

< 70 

same level 

70 (60) 

B III 

< 2500 with V - 50 km/h 
<2100 with V = 60 km/h 

With heavy lorry 
traffic 

c 4m 

general 

< 70 

same level 

70 60 

< 2200 with V = 50 km/h 

< 1800 with V = 60 km/h 


d 4 

general 

< 70 

same level 

70 60 (50) 

< 1400 with V = 40 km/h 

< 1000 with V = 50 km/h 


d 2 

general 

<70 

same level 

70 60 (50) 

< 900 with V = 40 km/h 

< 700 with V = 50 km/h 

With light lorry and 
limited bus traffic 

e 2 

general 

< 60 

same level 

60 (50) 

B IV 

< 1400 with V = 40 km/h 

< 1000 with V = 50 km/h 


d 2 

general 

' < 60 

i same level 

60 50 

< 900 with V = 40 km/h 

< 700 with V = 50 km/h 

With light lorry and 
limited bus traffic 

e 2 

general 

< 60 

same level 

60 50 

C 111 

< 2100 


c 4mpr 

general 

< 50 

same level 

(70) (60) 50 

< 2000 

With light lorry traffic 

d 4mpr 

general 

, < 50 

same level 

(70)(60)50 

- 1900 

Special case of the c4mpr 
with restricted conditions 

c 4pr 

1 general 

< 50 

same level 

(70)(60) 50 

< 1800 

Special case of the d4mpr 
with restricted conds. 

d 4pr 

general 

< 50 

1 same level 

(70) (60) 50 

| ^ 1700 


c 2pr 

general 

< 50 

same level 

(60) 50 (40) 

^ 1500 

With light lorry traffic 

d 2pr 

general 

< 50 

same level 

(60) 50 (40) 

C IV 

< 1000 

With light lorry traffic 

c 2pr 

general 

< 50 

same level 

(60) 50 (40) 

< 1000 


d 2pr 

general 

< 50 

same level 

(60) 50 (40) 

< 600 

limited bus traffic 

f2p 

general 

< 50 

same level 

50 (40) 



© 


Fields of application and standard cross-sections 


p. 213 
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INTERSECTIONS 



© 


'T' junctions - roads 
on same level 



© 


*T* Junction main road in 
a built-up area 



© 


Crossroads - on same 
level 


it 


III 

© «* -* © 



© 


With widening of the 
section and islands to 
aid those turning left 


!ti 


JfL 


one-way 

street 


J- 




© 


Junctions are where one road flows into another (directly) 
—> (T)-(2); crossroads are where two roads cross each other 
at their point of intersection -> (5)-®. Junctions on single 
carriageways are usually in the same plane (and can be with 
or without traffic lights). 

Roundabouts are a form of intersection popular 

in some countries (e.g. UK). They offer several advantages: 
reduced risk of serious accidents; traffic lights are rarely 
necessary; there is less noise generated and energy is 
conserved. The diameter of the roundabout depends on the 
available space and the acceptable length of the tailbacks 
caused by high volumes of oncoming traffic. An offset 
crossroads makes more room available; road intersections 
are visible at a glance and the road ends can be spacious. 
They are suitable for slow flowing traffic, as is found in 
residential districts —> (H>). 


” J R 
minimum 
radius for the 
type of road 



B 






road axis 

direction 
of traffic 
pedestrian 
crossings 


© 


© 



© 


Junctions/crossroads - 
at different levels 




(to) a* -> (D (Tt) as -> ® 



© « <D 



13 


Reduction in the width 
of the carriageway 


@ 



Roundabout 




© 


Offset crossroads only 
for slow traffic 
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ROADSIDE PATHS 


<A 

a 

< 

o 


cross-sections 11 
(values in brackets are 
minimum dimensions in 
existing built-up area) 


eo.75 s lL|L S o.a5« 

50) 



Footpath running alongside 
the road 


values for design details 


clear 

R b R s height 
min min min 
(mj Im] [m] 


Footpaths >2m wide (1.50m minimum clear width plus a 
0.50 m strip between the path and the road); >3m in the 
vicinity of schools, shopping centres, leisure facilities etc. 

Cycle paths >1.00m wide for each lane, with 0.75m safety 
strips separating them from the road. 

Combined use If the path is for both pedestrian and cycle 
riders' use, the width should be >2.50m. 



= 0 7S 5l i [2.001 H a 0 25* 
{^o so)T |__ 

(1 00 ) 

© Cycle path running 
alongside the road 


= 0.75 *L L2.50j I = 0.75* 

(£ 0.50)M2. OOf 3 (£0. 50} 

© Common footpath and 
cycle oath 



£0.75 *1 I £4 00 I U 0,75* 
(£0.50rr ^'•(£0.50) 

(V) Cycle riding track 


“0-75^11—£0 25 s 
< = 0 50 4t 50 

(5^) Separate footpath 



10 depending on 30 10 2.50 

(2) 7 > type of street 


10 (4 in <250m> 8 > 30 10 2.50 

(2) 7 ) (8 in < 30m) 8 * 


10 (4 in 250m) 8 > 30 10 2.50 

(2) 7 ) (8 in < 30m) 8 > 


10 (4 in <250 m} 8 * 30 10 2.50 

(2) 7) (8 in <30 m) 81 


0 700.700.70 0 90 1 00 


1 1 /' 

1 1-20 , i! 


I E I G IW I T I DH I | CS \jj RD 

I V 


0 901 I 
I Iwl G \ E 


Basic widths for the supply and drainage pipework layout in the 
road space 


= electricity 
= gas 
= water 

= district heating 
= telephone cable 
= combined sewer 
= foul water drain 
= rainwater drain 
= footpath 
= cycle riding 
= motor vehicle 


0 60 0 75 
! I 10.901 ^ 


l 120 iv 20 jP 9Q L il 
^ RD H FW > T TwTeT 

-I , II I 

L-T_.il . I _ 


buildings with 
I [ courtyard entrance 



mm: 

footpath J - 

| 

ttPtt 

parking ba’ 




a roadway ca 
6-8 m-*3 50*12 + 6 50f 


PS/GS = parking or green strip 


small-crowned 
trees 

(e.g. acacia, 
pagoda trees, 
mountain ash) 


small-crowned 
trees 



(160) 

(fT) Separate cycle riders' path 


® Path serving housing; 

not suitable for vehicles j 

notes : 

11 Slight variances in the dimensions may be 
necessary due to the actual slab widths 
21 S min = 0.5% (for drainage) 

31 Length of service paths unsuitable for 
vehicles 

1 - 2 storeys > 80 m 
3 storeys > 60 m 
4 storeys and more > 50m 
41 With partitioning drain 4 4.50m 
5,1 Other additions to the width: continuous 
rows of trees require a strip of at least 
2.50m width for planting 
61 Traffic in both directions only allowed in 
exceptional cases 


©-© Pedestrian and cycle riders' paths 


71 Radiused out at junctions 
81 In exceptional cases 

abbreviations —► © - (7) 

F = footpath 

R = cycle riding 

Rt = radius of bends 

S = longitudinal slope 

R 8 = rounded out radius of brow 

R s = rounded out radius of dips 


. n .buildings 

roadway 

-+ 3 . 50^12 + 6 + 6 


buildings with 
. hotel entrance 


. 


" parking area"- 
roadway 



■ flower bed 
special purpose areas 
with bollards 50/50 


broad- \ 

crowned 

trees 

(e.g. plane 
trees, i 

maple, 1 
oak) x 


small-crowned 

trees 


£ -4 25- 

- 2.00 


broad-crowned) 
trees 

(e.g. chestnuts) 


(10) — (l 4) Examples of lay-out of road space in built-up areas 
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height 

(cm) 

width 

(cm) 

length 

(cm) 

blocks/ 

m 2 

6 

11.25 

22.5 

39 

8 

11.25 

22.5 

39 

10 

11.25 

22.5 

39 


height 

(cm) 

width 

(cm) 

length 

(cm) 

blocks/ 

m 2 

6 

14/9 

23 

38 

8 

14/9 

23 

38 


( 6 ) Interlocking blocks 




Ornamental interlocking 
blocks 



© 


System paving blocks 


© 


Rustic paving blocks 



(To) Round paving blocks 



PATHS AND PAVING 



a 

b 1 

c 

d 

e 

high kerbstones (J) 

12 

15 

25 

13 

ra 

flat kerbstones ( 2 ) 

7 

15 

12 

18 

20 

19 

15 

13 

100 

50 

round kerbstones ( 3 ) 

9 

15 

22 

15 

100 

50 

lawn kerbstones ( 4 ) 

- 

8 

8 

_ 

20 

25 

cs 

border kerbstones 

- 

6 

- 

30 

100 



In addition to pavements, interlocking block paving can be 
used for pedestrianised roads, parking areas, hall floors, 
paving between rail tracks and on the beds and side slopes 
of water courses. 

The dimensions of paving blocks (length/width in cm) 
that match standard road building widths include: 
22.5/11.25; 20/10; 10/10; 12/6 etc. Kerb heights of 6, 8 and 
10cm are commonly used. 

The depth and material of the substructure {e.g. gravel, 
crushed stone with grain sizes 0.1-35 mm), which acts as a 
filter or bearing layer, should be adapted to the ground 
conditions and the expected traffic load. If the ground is load 
bearing the bearing layer should be 15-25cm deep, 
compacted until it is sufficiently stable. Pavement beds can 
be 4cm of sand or 2-8mm of chippings. After vibrating the 
overlay the pavement bed can be compressed by about 3cm. 

Wedge-shaped curved blocks can be used for circular 
paved areas or curved edges -> @. For farm track paving, 
parking areas, fire-service access roads, spur roads, 
reinforcing slopes against erosion damage or access routes in 
areas liable to flooding, multi-sided lawn blocks are available 

(fj). These are also useful in heavily landscaped areas, 
allowing a fast covering of stable greenery to be provided. 

Composite and round palisades made of concrete 
-> @ @ are suitable for bordering planted areas to 

compensate for height differences and for slope revetment 
->®. These are also available in pressure-impregnated 
wood. 




height 

(cm) 

width 

(cm) 

binder 
length (cm) 

pieces/ 

m 2 

40 

9 

12.5 

8 



height 

40; 60; 80; 100; 

(cm) 

120; 150; 180; 200 




© 


Palisades/concrete 


(l5) Composite palisades 


(Ts) Concrete border blocks 


© 


Wooden palisades 
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BICYCLE PARKING 



170-190 



0 


Basic bicycle dimensions 



1.50 


© 


Bicycle with 
basket/child's seat 


1.20 t 1.20 


1 75-80|75-80 j 



Dimensions of bicycles —> (T)-(2). Note allowances for 
baskets and children's seats. Include space for special types: 
recumbent bikes up to 2.35m long; tandems up to 2.60 m; 
bicycle trailers (with shaft) approx. 1.60m long, 1.00m wide; 
bikes adapted for disabled people and for delivering goods. 

Offer comfortable parking —> (3) wherever possible: 
narrow parking can cause injury, soiling and damage during 
locking/loading. Double rows with overlapping front wheels 
can save space. 

Cycle stands must give steady support, even when loading 
the bike. Locking should be possible using only one 'U' lock, 
securing the front wheel and the frame to the stand at the 
same time. Tubular stands are therefore suitable —» (9). 
Provide an intermediate bar for children's bikes. Stands should 
be 1.20m apart with access lanes 1.50-1.80m wide -»(7)-(9). 
Cycle stands which do not provide sensible locking 
opportunities only suitable for internal use in areas of 
restricted access. 

General installation design should be clear and user- 
friendly: close to the destination, easy to find and 
approach. For long-term parking, consider roofing and 
lighting -» p. 219. Supervision is advisable at railway 
stations, sports grounds, shopping centres etc. 


3J Bicycle parking: ample space (4j) Close packed 

jzSh_— (zSi (Mu 



1.90-2.00 1 80 1.90-2.00 

-1-1-I 



Basic layout parallel in 
straight lines 



-1-1-1 

1.90-2.00 1.80 1.90-2.00 


© Staggered, parallel straight 
formation 



; 1.50 | 1.50 | 1.50 

© Parallel, herringbone 
formation 



1.50 , 1.50-180 1.50 

\ - 1 - 1 - 1 

Staggered, herringbone 
formation 


apartments 

1 per 30m 2 total living area 

visitors to apartments 

1 per 200m 2 total living area 

student residential halls 

1 per bed 

secondary schools 

0.7 per pupil place 

colleges of further educ. 

0.5 per student place 

lecture theatres 

0.7 per seat 

libraries 

1 per 40 m 

college canteens 

0.3 per seat 

places of work 

0.3 per employee 

shops for daily supplies 

1 per 25m 2 sales area 

shopping centres 

1 per 80m 2 sales area 

retail units for 

1 per 35m 2 sates area 

professional offices, doctors* practices 

0.2 per client on premises 

sports arenas, halls, indoor swimming pools 

0.5 per clothes locker 

regional gathering places 

1 per 20 visitor places 

other gathering places 

1 per 7 visitor places 

local restaurants 

1 per 7 seats 

beer gardens 

1 per 2 seats 


ff several uses happen at the same time in a building, then the totals for the different 
uses should be added up. 

TT) Guide values for capacity of cycle parking 


(fit) _<jgD_ 



© 


With tubular stands 



(To) Front wheel overlapping 



-1-1-j--l- 

1.60 1.60 160 160 160 


(l2) Front wheel overlapping with central access 


218 







BICYCLE PARKING AND CYCLE PATHS 



Basic space requirements for cyclists are made up of the 
bicycle width (0.60 m) and the height allowed for the rider 
—» (5) plus the necessary room for manoeuvre under various 
conditions. Although the minimum width of a single-iane 
cycle path is 1.00 m, it is preferable to increase this to 
1.40-1.60 m, particularly where riders could be travelling 
at higher speeds. Where traffic is two way, an ideal width 
of 1.60-2.00m allows oncoming cyclists to pass each other 
safely as well as making it easy to overtake slower riders. 



_J 


— 1 00 -2 00 _j* 


L 

road 

_ i 

k o.70 —j*— 

^ T t Il f—i 

cycle path * 

<- 2.5% 

i 

£ 1.50 — 

footpath 



safety strip: natural stone or 
concrete paving Idark grey) 


L cycle path: 

red concrete paving; 
red concrete slabs; 
red asphalt 





2 50 




2.50 


-I 



2.20 



(?6) Cycle sheds 
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MOTORWAYS 





Motorways are twin 
carriageway (each with two 
or more lanes and a hard 
shoulder, and separated by a 
central reservation) roads 
with no obstructions, 
designed for high-speed 
traffic —> (T)-(3). They are the 
safest and most efficient 
roads. Environmental 

considerations have top 
priority in their planning and 
construction. 

Motorway intersections 
are constructed using 
variations in levels of the 
carriageways with 

special entry and exit slip 
roads for junctions —> 



Direction signs should be 
positioned at least 1000 m 
before an exit for connecting 
roads and 2000 m before 
motorway intersections 
Building restrictions (i.e. a 
requirement for special 
planning permission) apply 
to the construction or major 
alteration of structures 
40-100 m from the outside 
edge of motorway 
carriageways; construction 
of high buildings within 40m 
of motorways is banned. 
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TRAMWAYS/URBAN LIGHT RAILWAYS 


space required for 
pantographs 


vehicle's outline 



or moving objects Iplus 
other rail vehicles) ! 

clearance for escape 
niches and safetv 
rooms (top of rail) 


bottom of overhead 
j conductor wire on 

j + 5 00 Public roads 

* 0-20 

+ 4-20 maximum vehicle 
+ w height (excluding 
3 40 pantographl 

to a height of more 
59 than 50 cm; at least 

2.20 m above top of 
a platform 


© 


7 —i---r- 

005 

b) at stops and safety islands 


±0.00 top of rail 

vw 

a) on an open stretch of road 

1 ) Minimum clearances for track laid in carriageway of public road 

bottom of overhead 
conductor wire on 
5.00 public roads 


space required for 
pantographs 



vehicle's outline 


clearance line for fixed 
or moving objects (plus 
other rail vehicles) 


clearance for escape 
niches and safety rooms 
(top of rail) ±0.00 


carriageway of public road 

dimensions a I on an open stretch of road 

in mm 


0.05 

b) at stops and safety islands 


IS-- 20 * 4.20 top edge of retracted 
(T ff +4 00 pantograph 
t- 3.40 maximum vehicle 
^5 height above 
2-80 platform level: 

2.20 m 

to a height of more 
than 50 cm; at least 

2.20 m above top of 
a platform 
platform 

6.00 top of rail 


© 


Minimum clearances for track on special segregated sections 
on a public road 


0 50 2.65 0 30 2.65 0 50 


no masts i j 

miiuiiunuiiiiniiniiuii/^ 11 —*- 


r : 

in 



6.60 



Type B 
central masts 

0.50 2 65 

0.30.403 2.65 

0.50 

g~ 

JP 

r 7 

□ 


'•■•■•'•'•■•uJ_ 

7.30 




Type C 
side masts 

Q 

BH 

. | 

1© 

JU 


_ 840 ..J 



© 


Standard widths for segregated sections of track in secondary roads 


Type A 

050 2.65 

0.30 2.65 0.05 

350 


no masts 

rv 

'IT '![" 




mini m> *- - 

’ V * V "*L_ 

9.65 


—I**** 

Type B 
central masts 

050 2.65 030.40.3 2 65 005 

3.50 


IT 

mT 7L. 

I 

]T 





V - VA 1_ .... 

10.35 


J" 


050.405 265 

0.30 2.65 0 05 

3.50 


Type C 
side masts 

ijdj 

'If ! 

r\ 

— r^n 


___ 

10.55 




© 


Tram stops on one side 


Type A 


350 

0 05 2 65 0.30 

2.65 

0.05 

3.50 



h-r 1 

_T _ ."!**. 


T_ 


r*T 







TTTf 1 " 

* V *'L 

waiting room 12 70 


tram shelter 

J.V.V.V.V.V.V.V 

Type B 


3.50 

005 2.65 0.3040.3 

2.65 

0.05 

3.50 


central 

masts 

r 


IT 7W 


1 


T 


>V "U 


13.40 




J.v.v.-.v.v.v.v,. 

Type C 


3 50 

005 2.65 0.3 

2.65 

0.05 

3.50 


side 

masts 

r 

_ol 

i ll 


T 

JT]_ 

1 


’ AV t 


12.70 




J.V,.V.V.VAV.V 


© 


Tram stops on both sides of road —► 


A tramway is controlled entirely by sight and shares the 
road with other general traffic; an urban light railway travels 
over stretches of track with standard train safety 
equipment, just like the underground (US: subway) or main 
line railways, as well as alongside roads on special track 
bed. (The underground travels only on defined, 
independent track beds, with no crossings, and does not 
mix with urban traffic.) 

• Track gauge the standard gauge is 1.435m, or a 
metric gauge of 1.000m, and the clearance width is 
the carriage frame width (2.30-2.65m) plus extra to 
compensate for deflectional movement on curves 
and an extra allowance for the width on cambers plus 
sway (at least 2 x 0.15m) 

• Distance of kerbstone from carriage frame for 

special track beds 0.50m; can be as little as 0.30m in 
exceptional cases 

• Carriage heights the height of the carriage body 
should be <3.40 m; min. height allowance for safe 
passage under buildings is 4.20 m, and on roads 
should be 5.00m 

• Safety clearance space 0.85 m width from the 
outside limit of the vehicle outline on the door side of 
rail vehicles. 

The width of street platforms should be at least 3.50 m 
(although 2 m can be regarded as an absolute minimum for 
platforms on the side of streets where space is limited). 
Where a waiting room is to be incorporated, the platform 
width should be at least 5.50m. The platform length should 
exceed the train length by >5m to allow for inaccurate 
braking. 



bottom of conductor 


clearance line 




© 


Clearance limits for the 
road and tramway 


© 


Permanent pedestrian 
crossing without signals 


a 






. /K-U. 


rsr 




53 

■n/o~R/9i i 


,B/2 B/2 j 


0.500 15 0 15' 


© 


TT\ With signal control lights for 
J crossing the track 


till 

1 1 ! i 

l ! ! 1 

ICT—] 











!-► • 




L¥_ 

nrrr3i 


- 

B/2 B/2| j 

i 

B = 4.00 m . 

0 15 0.15 1 

1 (J 

1 0.50 


© - <D 
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TRAFFIC LAYOUT 

The layouts for traffic must take all the associated 
circumstances into account. We need to differentiate 
between the following classifications: 

I Connecting traffic - urban railways, motorways with 
<4 lanes 

II Main roads with or without sections of tram tracks 

-> © 

III Secondary roads with 2~4 lanes, some sections with 
parking at the side of the road -»(2) 

IV Residential roads having <2 lanes, and parking 
spaces in the road -> (3) + @. 

Residential roads must have large parking areas -» 
(5) + ®; alternatively, where necessary, parking spaces 
between blocks of flats -> ®. Class IV roads offer wide 
scope for good layout design, with footpaths, squares and 
open areas. 

Local commuter rail traffic, where the urban railway is 
being extended, must be taken out of the road space and 
run on its own track bed -> © -> p. 223 ©-(5). 
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TRAFFIC LAYOUT 



Urban railways with overhead conductor cables - or, even 
better, with conductor rails - work efficiently on their own 
tracks and can be separated by railings or hedges from the 
road traffic —> (T) + @. Elevated railways (3) allow traffic to 

@ Urban railway with overhead conductor cable m0Ve freel V beloW and improve rail traffic circulation 

because trains are not affected by road signals; however 
they increase noise for residents. A better solution is to run 
railways in shallow or deep cuttings, or even underground 

-»©+©+©• 

Road noise in flat terrain is reduced by uninhabited 
buildings (e.g. garages), which provide sound insulation, by 
planting trees or by using backfilled earth embankments 
planted with trees. Even more effective are roads partly in 
cuttings with planted earth slopes or sunk completely in a 
cutting -> 

In general, it is only possible to put in noise suppressing 
walls with new roads, particularly when planning the layout 
of new areas where high-speed traffic U00-120km/h) can be 
segregated from residential buildings and run in cuttings 
with slip roads leading to the residential areas. These would 
be flanked by rows of garages, with parking places in front 
of them, and linked by wide footpaths leading to the 
houses/fiats. Plenty of lawns and evergreen trees (i.e. 
conifers), improve the quiet, homely environment. 

Elevated roads are only convenient for commercial and 
industrial estates, where the road noise causes less 
disturbance. 








Tests have shown that a road sunk in a 
cutting with a tree planted bank is the 
best technical arrangement to contain 
sound. The main sound waves must not 
directly impact on the building 


road 


pedestrian tunnel 
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TRAFFIC LAYOUT 




0 


Traffic calming measures and effects in residential roads 




individual measures: 

B1 + B2 + B3 + 

(where appropriate, B4 + B6) + Cl C2; 
driving and pedestrian areas separated, 
reduction in road size in favour of wider 
pavements, speed reduction by 
narrowing the road and partial use of 
raised paving; 

this gives more space and greater safety 
for pedestrians - improved layout 
through space subdivision 

@ Road layout: 

proposal 1 > (Y) 



(A3) + B1 + B2 + B3 + B4 + B5 + B6 + Cl; 
layout for driving, parking and walking in 
a common (mixed) area so multiple use 
of the whole road area is possible; 
speed is limited to 'walking pace' (or 20 
km/h max.); 

total reorganisation of the whole layout, 
taking into consideration the primarily 
residential needs 


@ 


Outline diagram of the space allocation of traffic priorities 


® Road layout: 

proposal 2 > (Y) 
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© Isophonic map: effect of an earth bank or noise shielding wall 
on sound levels 



for I H rnax.U — 


{jP) Determining the required height of a noise shielding wall 



u 

□ 

wooded area 

- 

\ 

\ 



0 1 

bank of earth 


\ 

\ 

\ 


....wc, r 

□ 



buildings not affected 
by sound 



® 


wall in garden of house 

Noise insulation measures on a main road 




© Standard arrangement for 

noise shielding walls on roads 


© 


Noise insulating wall of 
concrete blocks 




TRAFFIC NOISE 

Guidelines for Road Noise Shielding 

Increased environmental concerns have made reduction of 
traffic noise a top priority. Effective measures include earth 
mounds and noise shielding walls and pyramids -» (T)-@. 
There are many suitable pre-cast concrete products on the 
market today as well as sound insulating walls made from 
glass, wood and steel. 

The sound level of road traffic can be reduced by >25 
dB(A) after passing through a noise shielding wall. (With a 
reduction of 10 dB(A), the sound seems half as loud.) 

The shielding effect is dependent on the wall material 
but far more so on its height. This is because refraction 
bends the path of the sound waves so a small part of the 
sound energy arrives in the shadow area. The higher the 
wall the lower the amount of sound penetration, and the 
longer the detour for the refracted sound. 




day 

night 

residential zone, 
weekend homes 

50 

35 

general residential area, 
small housing estate 

. 35 

40 

village, 
mixed area 

60 

45 

town centre, 
commercial area 

65 

50 

industrial estate 

70 

70 

special area 

45- 

-70 35-70 


planned sound levels (dB(A)) 


© 


Reduction of sound level 


required reduction 

10 

15 

20 

25 

30 

35 

necessary 

distance 

meadows 

75-125 

125-250 

225-400 

375-555 

- 

- 

woods 

50-75 

75-100 

100-125 

125-175 

175-225 

200-250 


© Sound reduction by distance 


wall or bank height (m) 

1 

2 

3 

4 

5 

6 

7 

reduction (dB(A)} 

6 

10 

14 

16.5 

18.5 

20.5 

23.5 


(To) Rough estimate of anticipated traffic noise reduction 


traffic density. 

classification of road 

distance from noise 

noise 

both directions 

types according to traffic 

emission point/centre 

level 

(daytime vehic!es/h) 

density in urban areas 

of road (m) 

band 

<10 

residential road 

- 

0 

10-50 

residential road (2 lanes) 

>35 

0 



26-35 

1 



11-25 

11 



<10 

III 

>50-200 

residential main road 

>100 

0 


(2 lanes) 

36-100 

1 



26-35 

II 



11-25 

III 



<10 

IV 

>200-1000 

country road within town 

101-300 

1 


area and main residential 

36-100 

li 


road (2 lanes) 

11-35 

111 



<10 

IV 


country road outside town 

101-300 

II 


and on trading estates 

36-100 

III 


(2 lanes) 

11-35 

IV 



<10 

V 

>1000-3000 

town high street and road 

101-300 

IV 


on an industrial estate 

36-100 

IV 


(2 lanes) 

<35 

V 

>3000-5000 

motorway feeder roads, main 

101-300 

IV 


roads, motorway (4 -6 lanes) 

<100 

V 


(7") Noise insulating modular (jfP) Rough estimate of anticipated road traffic noise 

7 wall 
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AMO STREETS 


SECURING EMBANKMENTS 
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r -j j Lined wall for banks of 
loose stone 


removal phases 


palisade, diaphragm 
or sheetpiling wall 
{with or without 
anchoring) 


Lined wall; unconsolidated 
rock 



no fines 
concrete VSL multi-strand 
anchor, 33-651 

in steps, material removed from top to 
bottom and immediately shored with 
wall elements and alluvial anchors 
{Brenner motorway) 


® 


Bank retention; 
unconsolidated rock 






pm 

view 

K 

l 








, 





1 



alluvial or 
rock anchor 


© 


clay-bound or partially 
solidified unconsolidated 
mass 

Primary bank retention 
using anchored framework 



in steps, material removal from top to 
bottom, with immediate securing using 
sprayed concrete and reinforcing steel 
fabric and alluvial rods 



Long rounded banks with their faces planted as lawns or 
with shrubs and trees are aesthetically desirable but all 
steeply sloping surfaces must be secured. For a bank which 
is steeper than the natural angle of repose, turf, wattle, 
cobbles or retaining walls can be used for this purpose. 

If the slope is more than 1:2 use grass turf fixed with 
wooden pegs or stepped turf for securing steeper slopes of 
1:1.5 to 1:0.5 -> p. 230. Wattle is suitable for fixing steep 
slopes on which it is difficult to establish plant growth * p. 
230. It is necessary to distinguish between dead and live 
wattle: in the case of live wattle (willow cuttings) 
subsequent permanent planting with deciduous shrubs is 
called for because willow is only a pioneer plant. 

Vegetation is not suitable for securing large bank 
cuttings, such as in road building or on sloping plots, so 
more expensive artificial forms of retention are necessary 
©-©• 

There are several types of anchored frameworks that can 
be used to create retaining walls. The simplest consists of 
horizontal, preanchored beams and vertical posts, with 
intermediate areas covered with reinforced sprayed 
concrete With planted supporting walls considerable 
height differences can be overcome to create ample space 
for roads or building plots in uneven terrain + (7). High 
walls can also be built with earth anchors, depending upon 
the system and the slope > ©. 



from) rock rock 


© 


Bank retention; 
unconsolidated rock 



steep slopes only possible with retention 
{particularly for non-solid layers) 




Retention considerations: 
multi-strata slope 



© 


Lattice support wall 
(Krainer wall) made of 
concrete (Ebensee system) 


® 


Staggered 'Krainer' walls 
give space for new road 


steep artificial slopes (K) 
only possible if special 
retention measures used 
(e.g. base wall) 

NU 



flat strata falls 



/^qN Retention considerations: 
multi-strata slope 


/^\ Geological influence on 
slope retention 





fa2 Geological influence on 
slope retention 



16 


The Ebensee Krainer wall 










GARDEN ENCLOSURES 




post 




fitting crossbars to posts 




CZZZZ3 vn n a 


possible 


A 



3E 


ft 


Meadow fence with round 
wood cap 


13. 


CL 



c 


—X 




3 

-X 



c 

3 



n 


3 


© Meadow fence with offset 
posts and spars 




In most countries, neighbours have legal rights in relation 
to fencing. Within an area built as an integrated 
development, the owner of a building used for domestic or 
business purposes is obliged at the request of the owner 
of the neighbouring plot to enclose his plot along the 
common boundary. Local (or national) regulations may, if 
both plots are built on or used commercially, require both 
owners to erect a boundary fence/wall jointly and share 
the cost. Under English law, ownership of, and 
responsibility for, fences etc. is spelt out in the property 
owner's deeds. 

A 'common fence' is located in the centre of the 
boundary whereas with an 'own fence' the foundation wall 
should be flush with the boundary. 

The style of fence chosen should always suit the locality 
as far as possible ->(§)- Fencing that is intended to 
protect against wild animals should be sunk 10-20cm into 
the ground, particularly between hedges 

Wooden fencing, posts, frames and palisades can last 
more than 30 years if they are first chemically impregnated 
in a tank. 

Wooden louvre fences are best for privacy + ® and 
can also provide some measure of sound insulation. 
Scissor or rustic fencing is also popular for plot enclosure 

->©■ 



© 


Horizontal louvres 



© 


11) Rustic fence with frame 


(15) Simple wooden fence 






Rough-sawn boards nailed 
to posts 



@ Bent wooden slats on tubular 
steel frame 



(2)) Hedge 


with wire netting 


Wire netting: the bottom 
either has a small gap (with 
barbed wire) or is buried 


AA Steel profile fence 

(galvanised) with plastic 
fencing bars 


Partition fence of ornamental 
wired glass on concrete base 
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±ttt 

iHH 

tftt 


corrugated 


expanded 


15 
















* ] 



200/22 100/16 


3 x t0 


m 0.90/0.65/0 40 

o %mm 


© 


Wire mesh: standard mesh 
width 4-5.5 cm 


/©\ Twisted link and decorative 
' lattice 



illi n ium 


4 + 4 - 


I ! i i ! 


+iy 




iiiimmi 


4 


4 


Ornamental wire lattice 


© Welded mesh fencing 

r..- 

^rnirn 



/©\ Woven wire mesh gate and 
fence panel 


middle post 


gj Garden gates made from 
wrought iron 

end post 



(©) Tensioning of intersecting wire netting 



Layered walling with stone 
layers of different heights 


© 


Quarry and cast stone walls 


GARDEN ENCLOSURES 

The owner of a plot usually erects fencing only on one 
long side since the neighbour on the other side puts up the 
fence on that long boundary. 

Wire mesh fencing > © can be obtained in many mesh 
sizes to cover a wide range of usage conditions and if the 
mesh is plastic coated and supported by galvanised posts 
the fence will require close to no maintenance. Mesh fences 
can be braced with wooden, concrete or steel posts which 
are anchored in the ground -> ® + ®. Ornamental wire or 
lattice fencing is usually spot-welded and galvanised 
©• 

Wrought-iron fencing can be elaborate or simple in 
design and almost any shape is possible -> (§). 

Natural stone such as granite or quartz quarry stone can 
be used without any processing (f) or cut to shape by a 
stonemason -»(8). If possible, only one sort of stone should 
be used. 




ground anchor 



Tensioning details for a twisted link wire netting fence (7) 



© 


Connection methods for iron 
fence/gate elements (g) 


c\j 



r 

L 


:5rTf 


Sri 


detail 


@ 


Steel railings 



view 



|—375/375—| 
centre-line 
distance 
section 




Common shapes for 
commercially available 
cast concrete blocks 


the table shows the dimensions 
according to the dimensional 
regulations for building 
construction: all centre-line 
distances are a multiple of 
125mm with 10mm joints 








8/12 







5/9 

6/10 









5/9 









4/8 

5/8 

6/8 


8/8 



12/8 



4/7 










4/6 

5/6 

6/6 


8/6 


10/6 




4/5 

5/5 

6/5 


8/5 

9/5 

10/5 




4/4 

5/4 

6/4 

7/4 

8/4 






4/3 








- 

— 

= 

- 



~_ 





M ill I -I— 

” 250 500 625 750 875 1000 1125 1250 1500 

187.5 375 * + 
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PERGOLAS, PATHS, STEPS, 
RETAINING WALLS 



1 ) Climber supporting frame 



(?) Pergola (?) Raised 

on brick timber frame 

pier (avoids rot) 



length 

(cm) 

width 

(cm) 

edge height 
(cm) 

50 

50 

12 

50 

70 

14 



easier to keep clean 


© 


Path raised 
above borders 



no impediment to lawn 
mowers 


© 


Flush with lawn 


1— 62 s —I— 62 s —l 

□ □ C 


slab spacing = stride 
length; thickness > 3cm 


© 


Stepping stones 


Prefabricated paving slabs are ideal for creating solid and 
easily maintained garden paths between beds -»®. Paving 
stones can be laid in the borders or the lawn, either raised 
or flush with the surface ->(§)-(?). Allow for a gradient when 
laying paths -> ® (See also page 217.) 

Examples © - © show various arrangements for garden 
steps. They should be safe and easy to use (note that a 
concave gradient is more comfortable to walk on -»(§) + (9)) 
but should also fit harmoniously into the surroundings. The 
steps should slope gently forwards to permit rainwater to 
run off. In gardens that are designed to be as close as 
possible to a natural state, log steps are a worthy solution 
-» ® Whatever type of garden steps are chosen, the 
same rules as apply to indoor stairs should be taken into 
account -> pp. 191-4. 

It is possible to incorporate ramps in the garden steps to 
facilitate movement of bicycles, prams and roller waste bins 
» Wheelchairs being pushed by carers can also make 
use of such ramps. 

Layered dry stone construction can be used for retaining 
walls up to 2m high in front of uncultivated earth, with an 
inclination to the slope of 5-20% -» @. However, concrete 
retaining walls @ are simpler and cheaper, and can be 
bought as ready-made sections @ in various sizes and 
shapes such as corner profiles, quarter segment profiles 
and round sections, making it possible to form bends with 
standard parts. 




Good: concave slope 
(easiest to walk down) 


© 


Bad: convex slope 




gradient 



(l2) Road on slope 



I- coarse layer 


iQOOOOOOe-io 

10-15 


' - blocks {cobbles} 

'-bedding sand 



brick paving 
sand 
clinker or 
broken stone 


(16) Gravel path 


Small paving 
blocks, expensive 
but durable 


Brick paving 



(l9) Steps made with wooden posts 




Steps made with stone slabs 



22 ^ Steps made with stone slabs 


on supporting blocks 


Concrete steps on 
supporting blocks 


7^8 

earth 
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EARTHWORKS 


r 


water channel 


f— 3 4m —j 


(P) Topsoil mound 

topsoil 



serrated 
subsoil profile 


Cohesive material in core 
^ with shallow stepping 





front view 
(shape 
according 
to local 
conditions) 


Stone ribs for drainage and 
^ support 



■ topsoil 

good material 
PPy^yP poor material 



(J) Layered fill 

">S^ 

V£-V. 

P77V77777?/ 

Turf on slopes of more than 
^ 1:2 fixed with pegs 




4g\ Preserving bank surface 
^ with structural skeleton 


bolster walls (usually 
in a netting structure, 
mainly found in 
south-west Europe) 




(12) Slope support using stone 



Open topped, stepped 
^ composite grid arrangement 


Topsoil can be stored on site by temporarily removing it and 
building soil mounds ©. If it is not in the shade, the top 
of the mound should be protected {with turf, straw etc.) to 
prevent excessive drying out. Topsoil mounds should be 
turned over at least once per year, and 0.5kg of quicklime 
added per cubic metre. If the topsoil needs to be stored for 
very lengthy periods, consider sowing plants on the 
mound. 

When making up the ground again after the earthworks 
are completed, compaction measures are necessary if 
landscaping, lawn laying or planting work is to be carried 
out immediately, and especially if the work involves laying 
paths and paved areas. The following techniques can be 
considered. 

• Rolling using a tracked vehicle {e.g. bulldozer) usually 
provides sufficient compaction for each layer of fill. 

• Soaking can be used, but only if the filling material is 
good (sand and gravel). 

• Rolling with a drum roller to compact stable soil in 
layers {fill height 30-40cm per layer) is another 
option. Note that it is important always to roll from 
outside towards the centre (i.e. from the slope 
towards the centre of the built-up surface). Use 
rolling for broken stone hardcore when building 
roads and paths. 

• Tamping or ramming is possible on all stable soils. 

• Vibration can be used in the case of loose, non¬ 
binding materials. 

All compaction should take account of subsequent work. 
For paths and paved areas compaction is needed up to and 
including the top layer while lawns require 10cm of loose 
topsoil, and planted areas 40cm. 

Slope protection 

To avoid slippage and erosion by wind, water run-off etc. 
the filling on slopes should be laid in layers. Serrated 
subsoil profiles (2) prevent the loose infill mass from 
forming a slip plane on the base material. In the case of 
higher banks with steeper slopes ->(3), stepping provides an 
effective means of preventing slippage (step width >50cm). 
If steps are inclined into the slope a longitudinal gradient 
must be created to allow any build up of water to run away. 


soil type 


density 

(kg/m 3 ) 

angle of 
repose 
(degrees) 

earth 

loose, dry 

1400 

35-40 


loose, naturally moist 

1600 

45 


loose, saturated with water 

1800 

27-30 


compacted, dry 

1700 

42 


compacted, naturally moist 

1900 

37 

loam 

loose, dry (average for light soil) 

1500 

40-45 


loose, naturally moist 
loose, saturated with water 

1550 

45 


(average for medium soil) 

2000 

20-25 


compacted, dry 

1800 

40 


compacted, naturally moist 

1850 

70 

gravel 

medium coarseness, dry 

1800 

30-45 


medium coarseness, moist 

2000 

25-30 


dry 

1800 

35-40 

sand 

fine, dry 

1600 

30-35 


fine, naturally moist 

1800 

40 


fine, saturated with water 

2000 

25 


coarse, dry 

1900-2000 

35 

crushed stone, wet 

2000-2200 

30-40 

clay 

loose, dry 

1600 

40-50 


loose, very wet 

2000 

20-25 


solid, naturally moist (heavy soil) 

2500 

70 

dry sand and rubble 

1400 

35 


(T 5 ) Densities and angles of repose for different soil types 
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GARDENS: PLANTING METHODS 



0 


Trellis frame made of boiler 
pipes 


0 


Frame for double trellis 



0 


Trellis wall made of wood 





© Vertical training 


(IT) U-shaped training 

trellis wire 


© Two-armed horizontal training 



(TO) Square planting Square planting Square planting, 

system ^' with infill ' double infill 




2 • 4m 
6 * 6m 
4 * 10m 



Rectangular 
y planting system 




Rectangular 
planting with infill 


© Rectangular planting, 

dntihle infill 



3 0* 3m 

4 » 4 « 4 m 
6 * 6 * 6m 




(ll>) Triangular 

planting system 
{equilateral) 


(17) Triangular 

planting with 
infill 


(l8) Triangular 

planting, double 
infill 




only two branches are allowed to grow 
at an angle to the ground; the shoots 
from these form the fan in early spring 



(t 25) 

(S) 'Chandelier' training 



the central trunk of an espalier is grown 
vertically and the side branches are 
trained to each side at right angles 


Espalier 





[ 22 j Raspberries 


post 

3.0* 4.0 / wire plants 


when canes grow 
beyond the top 
supporting wire 
by up to 15 cm cut 
them back, then 
bend into a U 
shape and tie up 


after the harvest, cut back to leave 5-8 canes 


1-5 h gooseberries ^-5 h 

® * fees® 


-<50*60 


•v <§> 

redcurrents 


)> • 


(23) Spacing for raspberry 
plants 


(24) Gooseberries in square 

formation in combination 
with redcurrents 
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GARDENS: PLANTING METHODS 






Two important factors for the successful cultivation of 
climbing plants are the soil quality and the direction they 
face. In addition, the height to which they will grow must be 
taken into account -» ©. Climbing aids are required for 
plants that are to grown up house walls -> © + (3). 

In the case of beans each plant requires a climbing cane. 
The tent method is best used for two rows of plants 

The wigwam method is ideal for growing plants in 
troughs and tubs and twigs gathered during coppicing 
can be used as a climbing aid for peas -> (9), as can taut wire 
netting -> © or a double wire mesh. Wire mesh is also 
useful to protect seeds and shoots from birds -> ® + 

Guidelines for the choosing the best conditions for 
perennial climbing and creeping plants are given in ®. 


annuals 

height 

(m) 

growth 

leaves 

bell vine 

4-6 

fast 

summer, green 

ornamental gourd 

2-5 

fast 

summer, green 

Japanese hop 

3-4 

fast 

summer, green 

trumpet convuivulous 

3-4 

fast 

summer, green 

sweet pea 

1-2 

fast 

summer, green 

scarlet runner bean 

2-4 

fast 

summer, green 

nasturtium 

2-3 

fast 

summer, green 





perennials 

height 

growth 

climbing aid 

leaves 

watering 

flowers/month 

location 

ivy (Hedera helix) 

up to 25 m 

slow 


winter 

- 

9-10 greenish 

• 

knotgrass { Polyqonum aubertii) 

up to 15 m 

fast 

x necessary 

summer 

+ 

7-9 white 

• 

Virginia creeper (P tricuspidata 'Veitchii 1 

up to 15m 

fast 


summer 

(+) 

5-6 greenish 

4 

anemone ( Clematis montana) 

up to 8m 

fast 

X 

summer 

+ 

5-6 white 

4 

wisteria (Wisteria sinensis) 

up to 10m 

medium 

X 

summer 

(+) 

5-6 blue 

4 

common traveller's joy (Clematis vitalba) 

up to 10m 

fast 

X 

summer 

+ 

7-9 white 

4 

climbing hydrangea (Hydrangea petiolaris) 

5 to 8 m 

medium 

(x) sensible 

summer 

- 

6-7 white 

4 

dutch man's pipe (Aristolochia macrophylla) 

up to 10m 

medium 

X 

summer 

(+) 

5-6 brown 

4 • 

trumpet vine (Campsis radicans) 

up to 8 m 

slow 

(x) sensible 

summer 

+ 

7-8 orange 


grapevine (Vitis coignetiae ) 

up to 10m 

medium 

X 

summer 

(+) 

5-6 greenish 

4 

grape (Vitis vinifera) 

up to 10m 

medium 

X 

summer 

+ 

5-6 greenish 

4 

red honeysuckle (Lonicera heckrottii) 

3 to 4 m 

medium 

X 

summer 

(+) 

6-9 yellow-red 

4 

hop (Humulus tupulus) 

4 to 6 m 

fast 

X 

summer 

- 

5-6 greenish 

4 

honeysuckle (Lonicera caprifolium) 

up to 5 m 

medium 

X 

summer 

+ 

5-6 yellow-red 

4 

climbing rose 

up to 5 m 

medium 

X 

summer 

- 

6-8 various 

4 

spindle shrub (Euonymus fortunei) 

2 to 4 m 

slow 

(x) sensible 

winter 

<+) 

6-8 greenish 

4 • 

traveller's joy (Clematis hybriden) 

2 to 4 m 

medium 

x 

summer 

+ 

6-9 various 

4 

winter jasmine (Jasminum nudifiorum) 

up to 3m 

slow 

X 

winter 

+ 

1-4 yellow 

4 


= sunny location j = half shade, e.g. north wall • = shade 
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^2) Summary of some climbing and creeping plants -» © 









TENDRIL AND CLIMBING PLANTS 



BBS i 


flowers: purple 
flowering 



flowers: blue 
and white 
flowering 
months 4-5 




Jpf flowers: white 

•b flowering 

^ months 6-7 



(^) Blackberry 



flowering 
months 4-5 


rmfhn 

Q “ 

0-3 


(IT) Honeysuckle 


flowers: yellow-red 
flowering months 5-7 



flowers: white 
flowering 
months 5-6 



0 1&wf 


flowers: greens 
flowering 
months 9-10 


=3^- flowers: various 
colours 

^ flowering months 6-8 


Climbing rose 



flowers: white 
flowering 
months 7-9 


favourable area 


03 # sunny, half shade, shady 


growth: slow, medium, 
fast 


climbing aid: wood, wires, 
steel mesh 


deciduous, evergreen 


crevice holding roots 
holding roots with suckers 



^ flowers: 
brown 
flowering 
months 5-6 


Dutchman's pipe 



0-3 


(8 ) Climbing hydrangea 


(9 ) Climbing strawberries 


(10) Russian vine 


flowers: yellow 
{ / r flowering 

* month 7 

(TT) Actinidia chinensis 



flowers: orange 
flowering 
months 7-8 


(l 2) Campsis radicans 


climbing support 




(13) Clematis 


no retained 
water 


flowering 
months 6-9 




flowers: 

green 

flowering 


(14) Common hop 




0-3 


flowers: green 
flowering 


(15) Virginia creeper 




south/south-west 

orientation 


(16) Planting a clematis 


(17) Ground must be well drained rl8) Watering 


cover base 
(tiles, stones) 


Clematis likes cold foot 


and hot head 
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BANKED AND RAISED BEDS 



excavate trench approx. 250mm deep and 
1 50 m wide 



layer of garden debris and branches 250mm 
high and 400mm wide 



© 


Construction of a banked 

bed (2) + (3) 



® 


Finish with 100 mm thick 
layer of topsoil 




(8 j Raised bed made from prefabricated concrete units 


sprinkler hose 



© 


Bed covered with plastic 
sheeting 




Raised bed, ideal for 
terracing slopes 



© 


Raised bed built against a 
south wall; covered with 
glass like small green 
house 



© 


Small pond in a raised bed 
made with stones 


Banked beds are idea! for 
growing vegetables in the 
garden. They offer the 
possibility of quick harvests 
and very high yields. The 
most important factors in 
constructing a banked bed 
are the correct build-up and a 
north-south orientation > 
(D - (3). Although they require 
some effort to build, banked 
beds can be used for several 
years, in general, a banked 
bed is approximately 1.50m 
wide and 4 m long and 
watered with a sprinkler hose 
-> (3) or trickle irrigation. It is 
best to carry out the 
construction process in the 
autumn when the most 
garden debris is available. 
Mixed planting has proved to 
be particularly effective in 
banked and raised beds. 

The raised bed is a 
variation of the banked bed in 
that it has the same 
composition and is, in 
principle, a compost heap 
contained by a boarded frame 

(6). Any rot-resistant 
material is suitable and can 
be used instead of wooden 
boards {e.g. impregnated 
logs, wood blocks, or stone 
walls). In addition to the 
advantages of the rich 
bedding material, the plants 
also benefit from the sunshine 
which impinges on the side 
walls. 

If the beds are 
600-800 mm high, it is no 
longer necessary to bend 
when planting seeds, bedding 
plants or harvesting -> © + 
(8), which makes raised beds 
ideal for the elderly and 
wheelchair users. Raised 
beds give increased yields 
when they are filled with 
layers of organic materials, 
tree stumps at the bottom, 
then branches, then chopped 
twigs up to well rotted 
compost. 



new potatoes, cabbage and onions and 

cabbage, celery, leeks, 

dill tomatoes carrots 



french beans, beetroot and strawberries, 

salad and gherkins, dill leeks and 

spinach and marigolds iceberg lettuce 


(To) Crater bed 2 m diameter -> (R) (Vt) Mixed planting in six crater beds -» (jo) 
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GREENHOUSES 
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1 roof ventilation 

2 mechanical window opener 

3 exterior blinds 

4 air humidifier 

5 air circulation fan 

6 side ventilation widow 

7 double layer plexiglass 

8 trickle irrigation 


© Greenhouse with practical climate control 


9 sprinkler system 

10 water pump 

11 underground heating 
cable 

12 watering tank 

13 insulation 

14 heating 

15 plant table 


16 propagation bed 

17 incubation lighting 

18 automatic mechanical 
ventilation 

19 greenhouse lighting 

20 humidity controller 

21 air humidity sensor 

22 thermostat 


The ventilation of green¬ 
houses should be calculated 
such that, when fulfy 
ventilated, the inside 
temperature can be held 
close to that outside. For this 
it is necessary that about 20% 
of the roof area consists of a 
ventilation strip or windows 
that can be opened individ¬ 
ually. An adequate supply of 
fresh air must also be 
ensured. 

Where there is insufficient 
natural shading from outside 
it may be necessary to install 
sun blinds in order to 
maintain temperate conditions 
during bright sunshine. 
Blinds can be installed on the 
inside or outside of the 
greenhouse. Although those 
inside are more economical, 
exterior blinds are more 
effective, particularly when 
there is a sufficient gap 
between the blinds and the 
glass ->® + (Q). 


for ventilation 
control j 




*• ' 


size 1.00/1.00 m 
and 1.00/2.00 m 


(?) Banked bed with solar hood (?) Cold frame 


[20 soil 
30 compost 



/>^ 

Qlass surface 
nt ■ : Jl> facing the sun 


ridge direction north-south 
,_... .. ^_1.50 



© Small greenhouse 


central path 

© Dutch greenhouse 


t ventilation 



frame spacing 3.065 m 
*23° TT65 mullion spacing 613 mm 
"t air out 

2.61 




perspective sketch 


(6) Standard greenhouse 


Solar greenhouse 




(9 J Lean-to greenhouse 


(lOj Lean-to greenhouse 


Greenhouse dimensions 
^ and roof slopes 



t7j. 


\T 




(n) Exterior blinds with full (l2) Optimal angles for glass 


intermediate ventilation 
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GARDENS: TREES AND HEDGES 
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soil cover {leaves, mulch) 

digestion layer (bacteria, 
fungus, insects) 

humus layer (micro¬ 
organisms, nitrogen fixing 
bacteria, algae) 

rainwater ducts through ail 
layers 


mineral layer (decomposed 
rock water reservoir) 


bedrock 



© 


The root network mirrors 
the natural top of the tree 



preferred to the 'Christmas tree', or pyramid, 
shape, is the cup shape: with branches 
grown outwards the tree has an open centre 
like a cup or goblet, which allows light into 
the fresh growth at the top; side branches 
are kept short so that they can withstand the 
weight of fruit or snow 


® 


Tree shapes 


Fertile soil contains an abundance of life, with the different 
layers being inhabited by different groups of species > ©. 
Tree roots can penetrate the soil down to rocky layers and 
the shape of the underground root network is usually a 
mirror image of the shape of the tree's crown > (2). 

For cultivated trees the cup shape is preferred. These 
have open centres from which the branches are drawn 
outwards so that light can penetrate the treetops. Side 
branches are kept short so they will not break under the 
weight of fruit or snow. 

The best time for planting fruit trees is late autumn 
(October in areas with early frost, November and in milder 
areas). Grafting points, which can be clearly recognised as 
a swelling on the end of the stem, must always be above 
the soil surface. Supporting posts must be a handbreadth 
away from the trunk and should be to the south to prevent 
sunburn. -> ® 

When planting hedges the correct distance from the 
neighbouring plot must be maintained: 0.25m for hedges 
up to 1.2 m high, 0.5m for hedges up to 2 m high and 0.75m 
for hedges over 2 m. Hedges are ideal for providing privacy 
in one's own garden as well as protection from noise and 
dust. They also reduce wind speed, increase dew formation, 
regulate heat and prevent soil erosion. Banked hedges (so* 
called 'quick-set hedges' -> ®) are used as windbreaks in 
coastal areas. 



leave trunk and 
| two or three 
branches to retain 
I the desired shape 




(7) High 


trunk on a sapling 


medium trunk 




© 


Trim a hornbeam hedge in the 1st, 3rd and 5th year after 
planting (left summer, right winter) 




<£> 





© 


Planting garden trees 


© 


Heights for trimmed and free-growing hedges (number of 
plants required per metre run in parentheses) 




GARDEN PONDS 





shallow water zone 


deep water zone 


© A suitable prefabricated pond 




more than 50 mm sand can lead 
to settling and tilting of the pond 



30-50 mm sand 



© 


Garden pond installation: 
excavating 


© 


Garden pond installation: 
compacting 


Careful consideration needs to be given as to how best to 
integrate a pond into the garden. To begin with, selecting 
the correct position is extremely important for the well¬ 
being of the plants and animals in and around the pond. For 
instance, the majority of bog and water plants require 
plenty of sunlight (about 4-6 hours per day). The pond also 
needs to be easy to view so the best position is in the 
proximity of a terrace or a seating area, where it can be 
observed at leisure. 

In addition, the constituent elements of the pond need to 
be carefully planned. If the correct proportions of plants, 
water and sand are used, a biological balance can be 
achieved within 6-8 weeks, at which time the water 
becomes clear. One of the most important factors in this is 
to have the correct ratio of water surface to water volume (a 
pond average of around 4001 per m 2 of water surface is 
recommended). The garden pond will then become a 
habitat for both insects and plants. 

The planting of the pond is done before the water is 
carefully topped up to its final level. The pond edge and 
surrounds need to be specially designed: bog and flood 
water zones, as well as moist beds, ->© + (2) help to expand 
the pond area and create a more natural balance. The pond 
should be sized according to the area of the garden: a water 
area of 20-25 m 2 is ideal, although even 3-5 m 2 gives 
enough room for many types of plants. Generous shallow 
water zones of 50-200mm depth and a deep area of at least 
600mm in depth are necessary for the survival of aquatic 
insects and larvae during the winter months. The deep 
areas also provide a place of hiding for all of the pond 
inhabitants. 

The pond should be kept full throughout the winter to 
reduce the possibility of it being forced out of the ground or 
tilted by the action of ground frost. 

Fish, frogs and other amphibians will only survive the 
winter if the pond is protected from freezing over 
completely for extended periods so an ice preventer or a 
heating stone should be used. 

Prefabricated ponds provide planting shelves at 
appropriate depths and these prevent gravel and planting 
soil from slumping or sliding away completely 
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GARDENS: USE OF RAINWATER 
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Constant storage for 
^ watering (rainwater butt) 



Filter before the rainwater 
store 

1 domestic water supply 

2 non-return valve 

3 drinking water supply 

4 storage tank 

5 overflow 

6 down pipe 

7 drain 

8 filter pot 

9 trap - •sjfr 


® Eco rainwater storage up 
to 12 5001 


soakaway 


PPj Rainwater storage with eco 
^ soakaway 


© 



washing 

machine 



Rainwater collection system with filter pot and external storage tank 


capacity length width height weight 
11001 1.45 72 1.33 b 53kg 

15001 1.52 72 1.60 b 81kg 

20001 2.05 72 1.64 130kg 

(IT) Storage containers 


1 down pipe/gutter 

2 filter collector 

3 supply pipe 

4 storage tank 

5 trapped overflow 

6 suction pipe 

7 domestic water supply 

8 empty running protection 

9 rainwater supply pipework 

10 drinking water supply 

11 magnetic valve 

12 floating switch 


inspection chamber 
to main drains 


© 



Rainwater system 





Rainwater storage for 
garden watering 


V7 discharge opening min 
zz 20mm or 2 x internal 
A dia. of supply 



(^2) Drinking water supplementary supply 


In the design of new buildings it 
is desirable to include means 
for collecting and storing 
rainwater. Rainwater systems 
can also be installed in existing 
houses or gardens. The storage 
volume should be generous 
because the greater the volume, 
the more the potential econ¬ 
omies. The average storage 
required for garden watering 
(given 40-60I/m 2 as a typical 
annual usage) for a single 
family house is about 50001 (it 
depends on the area of garden, 
annual rainfall, roof area and 
run-off value). To calculate 
domestic water needs, use the 
following figures for average 
water consumption per person 
per day: 151 drinking/cooking, 
101 washing, 401 bathing/ 
showering (total: 651 potable 
water); 181 clothes washing, 41 
cleaning, 451 WC flushing (181 
with economy flush), 81 
sundries (total: 751 rainwater or 
481 with economy flushing). 

Example 

Annual rainfall 800 mm = 800I/m 2 
Pitched roof run-off value f = 0.75 
Net roof area = 120 m 2 
Rainwater production = net roof area 
(m 2 ) x annual rainfall (I/m 2 ) x run-off 
value (f) 

- 800 x 120 x 0.75 
= 720001/year 
Number of persons = 4 
Usage per day = 451 per person 
(WC with economy flush) 

Garden area = 200m 2 

Annual garden watering = 501/m 2 
Rainwater requirement = persons \ 
usage per day (I) x 365 days) + (garden 
area (m 2 ) x usage per year (l/m 2 )) 

(4 x 45 X 365) + (200 x 50) 

- 75700 I/year 

Factor g = (1 - [rainwater production 
rainwater requirement]) x 100% 

= (1 - [72000/75700]) x 100 - 4,9% 
(this is less than 20% so use g = 0.05) 
Storage requirement = rainwater 
production (I) x g 
= 72[t]000 x 0.05 

- 36001 

Recommendation: 45001 rainwater 
storage tank 

Explanations 

Net area: the plan area of the 
roof connected to the gutters 
(equivalent to the plan area of 
the house). 

Annual rainfall: mean annual 
rainfall (e.g. typical values are 
740-900 mm = 740-900I/m 2 ) as 
read from appropriate rainfall 
maps or information from a 
local weather station. 

Run-off value (f): f = 0.75 for 
pitched and fiat roofs. 

Factor g: when the difference 
between rainwater production 
and rainwater requirement is 
less than 20%, use g = 0.05. 

g = 0.03 when the difference 
between rainwater production 
and rainwater requirement is 
more than 20%. 

g = 0.20-0.40 when the water 
is used mainly for garden 
watering and when there are 
large seasonal rainfall variations. 
























GARDEN EQUIPMENT 
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Metal foot scraper 



© 


Deckchair 





'g N \ Portable barbecue (gas or 
—^ charcoal) 



"g'\ Garden carts and 
^ wheelbarrow 



(Vl) Seed spreader 







GARDEN SWIMMING POOLS 



© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 


changing area 
WC 

shower 

exercise room 

sauna anteroom 

sauna 

sauna area 

footbath 

rest room 

galley 

bar 



lane swimming pool 
(3-4 strokes, 4-5 
people); minimum 
size for racing dive 
from deep end 


© 


Layout of an integrated swimming pool in a single family house 


© 


Pool sizes 




© 


Single-shell precast 
polyester pool 



edge strip 



© 


Pool with sloping sides, 
liner and squared timber 
edge surround 


plastic 

aluminium sealing strip 



® 


Masonry pool with drainage 



The ideal position for a garden 
pool is sheltered from the wind 
and visible from the kitchen and 
living room (to allow supervision 
of children}. There should be no 
deciduous trees or shrubs 
immediately next to the pool and 
a surrounding walkway ought to 
be provided to prevent grass etc. 
from falling into the water. 

Realistically, the pool should 
no less than 2.25 m wide and the 
length worked out on the basis of 
a swimming stroke length of 
approximately 1.50m plus body 
length (e.g. four swimming 
strokes equates to 8m). The 
standard water depth is usually 
based on the average height to 
the chin of an adult. The 
difference between the overall 
pool depth and the water depth 
depends on the type of water 
extraction system (9) - (n). 

For reasons of cost and the 
water circulation system (see 
below), the shape of the pool 
should be kept as simple as 
possible. 

The standard type of pool 
design uses a sealed surface on 
a supporting structure made of 
masonry -> (8), concrete, steel 
(particularly for above ground 
pools) or dug out of the earth 
-> (5). Polyester pools (which are 
rarely made on site, being 
mostly made up from prefab¬ 
ricated parts) are generally not 
self-supporting so lean concrete 
backfill necessary •-> (6). Cast or 
sprayed concrete pools > (7) 
must be watertight. The surface 
is usually ceramic tiles or glass 
mosaic, although they are 
sometimes painted (chlorine 
rubber, cement paints). 

The water needs to be kept 
clean and this is normally done 
by water circulation systems and 
filters. The process is improved 
with a good surface cleaning 
system using a skimmer -+ (8) or 
channel @ + (jj). Adding a 
regulated countercurrent plant or 
through-flow heater can extend 
the swimming season consider 
ably without prohibitive costs. 

Other factors to consider are 
child-proofing measures and 
frost protection. 


water 

season 

additional months 

Pw 

4 months 

5 months 

6 months 

5th month 

6th month 

22"C 

1.25/6.5 

1.33/7.2 

1.55/7.8 

1.65/7.2 

2.65/7.8 

23“C 

1.50/7.2 

1.70/7.9 

2.00/8.5 

2.50/7.9 

3.50/8.5 

24“C 

2.08/7.9 

2.26/8.6 

2.66/9.2 

2.98/8.6 

4.66/9.2 

25°C 

2.60/8.5 

2.80/9.3 

3.20/9.8 

3.60/9.5 

5.25/9.8 

26°C 

3.50/9.2 

3.75/10.0 

4.00/10.5 

4.75/10.0 

5.25/10.5 


figures are in kWh/m 2 /d; special influences are not included, such as the considerable 
heat losses in public or hotel pools through the use of heated pool water for filter back- 
flushing (up to 1.5kWh/m 2 /d or 1300kcai/m 2 /d) 




(l2) Heat losses in open-air pools {average/maximum} 


Relative heat losses in a 5 
month season (averages) 


Floor drain with groundwater 
pressure balance 





























































































































changing room 

















































GARDENS 


PRIVATE SWIMMING POOLS 



© 


Arrangements relating to indoor pools 


100 


large town hotel j 


50 

/ 

/ 

/ 

/ 

/ 

i 

• non 

• 

Lai hotel 


CD 

E 

E 

/ 

/• 

/ * * 
/.V • 

1 ° o ° 

# •• 



beds 100 200 300 



® 


Maximum number of 
swimmers present at one 
time 


© 


Rough guide to hotel pool 
sizes 



5 4 00 j 2 50 j 


© 


Common size of private 
indoor pool 



swimming pool 



© 


Smallest pool 


© 


Splash distance from point 
of origin 


Atmosphere is a very important factor in the enjoyment of 
indoor pools so they should be well lit with natural daylight. 
An ideal location for the pool is at the rear of the house, 
overlooking the garden. With removable or sliding wall and 
ceiling panels it is possible to give the feel of being in an 
outdoor pool when the weather permits. Although this is 
the ideal it does introduce problems with heat bridges. 
Access to the pool can be through the living room or the 
master bedroom {allowing an en suite bathroom to be used 
for showering and changing) and should include a walk¬ 
through footbath to combat infections. 

The standard conditions for indoor pools are: water 
26-27°C, air 30-31°C and 60-70% relative humidity; 
maximum air circulation speed 0.25m/s. 

Construction considerations 

The main problem with indoor pools is controlling the air 
humidity. Water evaporates from the pool at rates from 
16g/m 2 /h (when still) up to a maximum of 204g/m 2 /h {when 
in use) and the process continues until the saturation point 
is reached -> p. 243 © + ©. Evaporation loss approaches 
zero when the pool is still if a vapour-saturated 'boundary 
layer' develops just above the pool surface. Therefore, the 
water should not be disturbed by strong air currents from 
the ventilation system. 

Removing moisture from the pool area is very expensive 
using ventilation systems but it is indispensable. If the air 
humidity is above 70% every small heat bridge can lead to 
structural damage within a short time. Ventilation 
equipment may be fresh air or a mixed air system -> p. 243, 
with ducts in the ceiling and floor, or ventilation box and 
extractor (with the air flow kept low to avoid draughts). 

The most common structural design is a fully insulated 
all-weather pool with glazed panel roof and walls. Less 
common are non-insulated 'summer' pools (which can also 
be of a kind that can be dismantled). The materials used 
should be corrosion-proof (galvanised steel, aluminium, 
plastics and varnished woods): avoid plasterboard. 

The pool area in most cases should include a WC and 
shower, and a deck for at least two reclining chairs. The 
layout must allow 10 m 2 for a plant/boiler room. When 
considering the width of the surrounding walkway take into 
account the wall surface and the likely extent of splashes 
-»(?). It is essential to provide an accessible below-ground 
passage around the pool to contain pipework and 
ventilation ducts as well as to check for leaks. Space 
permitting, the design could also include a gym area, a 
sauna, a hot whirlpool, a solarium and a bar. 

Equipment 

The equipment needed for a pool includes: water treatment 
and filtration plant, steriliser dosing system, overflow water 
trap (approx. 3m 3 ), water softener (from water hardness 
7°dH) and foot disinfecting unit (particularly if carpeting is 
laid around the pool). Heating can be with radiators, 
convectors or air heating, combined with the ventilation 
system, or possibly a solar energy collection unit. Under¬ 
floor heating adds additional comfort but is only worth 
while with floor insulation k over 0.7 or hall air temperature 
below 29°C. Energy savings are possible using heat pumps 
(cost depends on electricity price) and/or recovery heat 
exchanger in the ventilation system, or covering the pool 
(roller shutters or covering stage, but only where hall air is 
below 29°C) or by increasing air temperature (controlled by 
hygrostat) when the pool is not in use. Savings of up to 30% 
are possible. 

Other considerations are underwater floodlighting 
(safety element), slide, diving boards (if the pool depth and 
hall height are sufficient), shade from the sun, counter- 
current systems (which make small pool sizes practicable 
-*(§)) and acoustic qualities/noise insulation. 
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PRIVATE SWIMMING POOLS 


grating expansion joint 



poo! rim paving slip-resistant 
/ , paving 


poo! rim paving 


slip-resistant paving 



'Weisbaden' type pool rim 
V '—^ overflow channel 


pool rim paving slip-resistant 
paving 

/ grating , 


'Weisbaden' type poolside 
' overflow channel 


® Surface skimmer system 


slip-resistant 

paving 


p 

l 

'?/&/, 1 


Y/Mv i 


V/ 



^y/X/'A i 

//'/ 


//Z^Z s i 


////AS n 

V/A 

p 

"'///s' 1 

//// 


(///, 

drain 


ring 

drain 


grating expansion joint 



Overflowing pool with rim 
^ paving and channel 


Finnish type rim and 

v --- / channfll 


polyester U 
plate R 
coating I 


aluminium sheet 
wall profile 



'St Moritz' type pool rim 
Vv —■^ overflow channel 


sealant + damp-proof course 
j- screeding with gradient 
| p glass mosaic or other type of lining 


inspection 

passage 


Aluminium pool with 
polyester lining 


Ventilation with motor- 
controlled air supply valve 
(simple solution) 


Suspended underfloor 
heating: simple, cheap and 
can be easily inspected 



water 

relative air humidit 
50% | 60% 


70% 

temp. 

air temperature 
28°C [ 26°C | 28°C 

30°C 

28“C 

R 

21 

13 0 

_ 

0 

24°C M 

219 

193 143 

- 

67 

R 

48 

53 21 

2 

0 

26°C M 

294 

269 218 

263 

243 

R 

96 

104 66 

31 

36 

28"C M 

378 

353 302 

247 

227 

R 

157 

145 123 

81 

89 

30°C M 

471 

446 395 

339 

320 


machine room 


(lO) Underground swimming pool 


11 temperature difference 4k water/air 
cannot be maintained permanently 

at rest (R) and during maximum use (M) 

Evaporation rates for 
indoor pools (g/m 2 /h) 


atr exit fresh air 

r “ 7 3 -r r “ 

heat f fan for 
pump dehumidifyino 




air extractor 
fan in outer 
wall 


condenser 

I 


f^2) Hybrid heat pump and 
^ dehumidification plant 


Layout of a fresh-air 
ventilation plant 


Simple plant without fresh 
air supply (cheaper to 
operate and install) 


Pools that are within the 
fabric of residential proper¬ 
ties or hotel buildings are 
generally constructed from 
reinforced concrete and 
supported separately. It is 
essential that they have 
groundwater compensating 
valves to avoid damage to the 
pool although expansion 
joints are unnecessary for 
pools under 12 m long. Plastic 
pools are used only in 
exceptional cases because of 
the requirement for a 
surrounding inspection and 
services passage -> ®. Their 
use is only possible with a 
special reinforcing support 
structure. 

Pool linings can be 
ceramic tiles, glass mosaic or 
a simple painted layer (so 
long as waterproof cement 
has been used). Another 
possibility is to use a 
polyester or PVC film at least 
1.5mm thick to seal the pool. 

The edge of the pool 
requires at least a surface 
skimmer arrangement or, 
better still, an overflow 
channel to feed the filtration 
and recirculation system. 
There are several types that 
can be considered -» (J)-(6). 

Plan for a drainage grille at 
the deepest point and, 
possibly, a counter-current 
swimming system and under¬ 
water floodlights. All such 
fittings must be installed with 
sealed flanges. 

The surrounding floor 
finish is normally slip- 
resistant ceramic tiles or 
natural stone and must be 
inclined towards the pool or 
overflow channel on all sides. 
It is also possible to use 
water-permeable carpet floor¬ 
ing on a damp-proof base. 
This improves both comfort 
and the hall acoustics. 

For indoor hotel pools, it is 
important to have large 
surrounding lounge areas 
with chairs and lockers. A 
separate connection between 
hotel rooms and the pool area 
is essential. 


relative humidity 100 



air and water temperature TC) 

e.g. water temperature t w 27°C: 
evaporation limit in use 36mbar 
(30*0/84% humidity) and 28mbar when 
still (30*065% humidity) 

© Evaporation limit for indoor 
pool 
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HOUSES: PORCHES AND ENTRANCE 

HALLS 


porch 


garage 


cloakroom 


WC 



© 


Relationships between rooms 


Porches play a crucial part in sheltering the entrance hall 
from inclement weather conditions. They should be 
designed as far as possible with the prevailing local wind 
direction taken into account, in addition, they should be 
visible from the street or garden gate. 

The key rooms with the highest levels of circulation, and, 
in particular, stairways, should be immediately accessible 
from the hail -> © - (4). For instance, an effective design 
could have the hall providing a direct connection between 
the kitchen, stairs and WC >®. 





© 


adjacent to porch 



© 


adjacent to kitchen, WC, 
cellar steps, bathroom and 
bedroom 


CORRIDORS 



doors on one side and low level of traffic: 
minimum width of 0.9m required (1.0m is 
better) 


1.30 - 1.40 



doors on one side, and wide enough for 
two people to pass one another 
unhindered: width 1.30 to 1.40 m 



doors on both sides, large volume of 
traffic: 1.6m width to allow two (2.0m 
or more for three) people to pass each 
other comfortably 


Where a long corridor is 
necessary, the width is 
established according to its 
position, whether the doors 
are on one or both sides, 
the arrangement of the 
doors, and the anticipated 
volume of circulation. 
Appropriate corridor widths 
are shown in -> © + ®. 

If possible all doors 
should open into the 
rooms. 


(10) Corridor with doors opening into the rooms 



doors on one side, low traffic: corridor doors on one side, heavy traffic 
width = door width plus 50 cm 


© 


Doors open into these corridors 



offset doors on both sides, heavy 
traffic 



doors opposite one another on both 
sides 
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LANDINGS AND HALLWAYS 



Floor areas required for different 
numbers of rooms 





© 


1 m 2 landing serving three 
large rooms at end of 


© 


2 m 2 landing serving four 
large rooms and WC (best 


© 


3 m 2 landing, as (?), with 
store/bathroom but no WC 


stairway, no continuation use of space, good layout) 


(open stairway gives 



rooms but with better plan 



appearance of 4 m 2 landing) 



© 


7 m 2 landing serving six 
large rooms and one small 
one 



© 


3 m 2 landing serving four 
large rooms, a small one 
(e.g. bathroom) and a WC 



/g\ 5m 2 landing serving five 
rooms and a bathroom 



© 


7 m 2 landing serving eight 
rooms 


Aq\ 4m 2 landing serving four 
^ rooms, a bathroom and a 


dressing room 


© 


6 m 2 landing serving four 
rooms, a bathroom, dressing 
room and storeroom 


(\ 2 ) 4 m 2 landing serving eight 
rooms, with split-level floors 
(best use of staircase areas) 






1 m 2 hallway serving four 
rooms, separating the 
bedroom, children's room, 
bathroom and living room 



2 m 2 hallway serving three 
rooms; otherwise like © 


2 m 2 hallway serving four 
rooms with fitted wardrobes 
and cupboards 



3 m 2 hallway serving six rooms: 
kitchen, bathroom, three 
bedrooms and a living room 



<yj\ 4m 2 hallway serving five /j"g\ 5.2 m 2 hallway with built-in 

v rooms, some with fitted cupboards serving six rooms 

wardrobes 


These figures show the arrangement and number of doors 
to rooms that are 2 m wide or more for different sizes and 
shapes of landing and hallway. The layouts giving the most 
economical use of space are shown in (§), ® and ®. The 
majority of these examples are based on an aisle width of 
1 m, which is suitable as a minimum because two members 
of a family can still pass one another. This width does not, 
however, leave enough space for built-it cupboards, which 
are often desirable -> ©. Enlargement of a landing or 
hallway at the expense of room size can allow better door 
arrangements and not make the rooms feel any less 
spacious 
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STORAGE SPACE 




Equipment storage in the 
roof space 







Corners behind doors and 
spaces under stairs and 
sloping roofs can all be 
used to provide storage 
space. 

The easiest space to 
exploit is under the 
staircase, where there is 
often room for large sliding 
cupboards (§) or even a 
workspace ->®. 

Where cupboards are 
built into spaces under roof 
slopes it is important to 
ensure good insulation 
must be provided behind 
the units. Such cupboards 
should also have air holes 
at the top and bottom, or 
have louvre doors *©-(j|) f 
so that there is constant 
ventilation. 




© 


Folding bed under a steep 
roof slope 
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RESIDENTIAL BUILDINGS 


UTILITY ROOMS 




In utility rooms there must be adequate cupboard space for 
storing cleaning materials and equipment, tools and 
ladders -»© - <§). Each cupboard should, if possible, be no 
less than 60cm wide. 

In some circumstances, and particularly in multistorey 
housing units, chutes made of stainless steel or galvanised 
steel sheet can be used for discharging household waste 
or collecting laundry -> They will require a 

ventilation shaft with a cross-sectional area of 30-35% of 
the waste chute. For safety, chute insertion points can have 
electrical doors so that only one load at a time can be 
dropped. 

Linen chutes are most likely to be worth considering in 
houses on sloping sites with utility rooms in the basement. 

Household waste should ideally be collected and 
transported in portable containers ->© + ©, the dimensions 
of which need to be taken into account when planning the 
standing and movement areas required. These intermediate 
waste containers are made of steel sheet or polyethylene 
and have capacities up to 110m 3 (11001). More common 
household dustbins of polyethylene or galvanised sheet 
steel are free-standing and have no wheels ->©. They range 
from 50 to 110 I capacity and can be contained in a purpose- 
built outhouse -»(9). 


rungs 

for room 

side rail 


height (mm) 

length (mm) 

3 

2400 

1350 

4 

2600 

1580 

up to 8 

3500 

2540 


rungs 

for room 

side rail 


height (mm) 

length (mm) 

12 

3630 

1710 

16 

4750 

2250 

20 

5870 

2770 


(10) Ladders 



shaft dia. (cm) 

minimum dimension (cm) 


chute 

air vent 

a 

b 

c 

d 

e 

loose household waste 

40+45 

25 

55 

55 

24 

95 


waste in bags (110 1) 

50 

30 

60 

60 

24 

130 


paper (office waste) 

55 

30 

65 

65 

24 

110 

c 

linen (family house) 

30 

15 

35 

35 

11.5 

110 


linen (larger units such as 

40 

25 

45 

45 

11.5 

110 


flats, hostels, hotels 

45 

25 

50 

50 

11.5 

110 

J 

or hospitals) 

50 

30 

55 

55 

11.5 

110 



s 1j) Waste disposal and laundry collection systems > @ © 



© 


Carpet-beating bar 



© 


Useful cupboard height 
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UTILITY ROOMS 



fittings/ 

equipment 

width, 
min (cm) 

better 

automatic washing 
machine and dryer 
(upright unit) 

60 

60 

wash-basin with 
water heater 

60 

60 

dirty laundry container 

50 

60 

worktop for folded linen 

60 

1.20 

ironing surface 

ca. 100 

1.00 

storage cupboard 

50 

60 

total 

ca. 380 

4.60 


© 


Arrangement for utility 
rooms 


® 


Standing space required 
for equipment 



1-60 
1 - 



1—60—|-1.20-}-60-100—I 

j-2.40 - 2.80-1 


The best position for utility rooms is facing north. They 
should ideally be near the side or rear door and be adjacent 
to or accessible from the kitchen 

Utility rooms are used for a variety of purposes, 
including storage, laundry and ironing, sewing and possibly 
also for hobby activities. To be of real value, the length 
available for standing space or work surface should be a 
minimum of 3.80m (preferably 4.60m) -►©. 

The arrangement of the equipment should allow safe 
and convenient use: for example, an ironing board when 
used standing needs to be at a different height than when 
seated ->©-©. 



( 5 ) Single-sided domestic (7) Double sjded 

■ utility room (L shape) 


© 


U shape 


© 


L shape 




1 00 






(15) Sewing machine 


/© Ironing and sleeve pressing 
^ board 


© 


Electrical ironing machine 


Ironing machine built into 
^ cupboard 
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RESIDENTIAL BUILDIN6S 


PANTRIES, LARDERS 



When planning houses or flats, space should be allocated 
for rooms such as larders, pantries or cold stores. The most 
practical solution is to have a larder in or beside the kitchen 
-»©-©■ It must be cool, well-ventilated and shaded from 
the sun. Connections for a freezer unit and a drinks cooler 
should also be provided if the larder is of sufficient size and 
storage shelves are best arranged right up to the ceiling. 

In very large households, there may be a need for a cold 
store. These are supplied in modular form in a range of 
sizes ->(9) and include separate cooling and freezer sections. 





© 


Spacious larder 




© 


Space-saving larder 
adjacent to bathtub recess 


© A,© 


but adjacent to WC 






HO) Storeroom in hallway 


© 


Storerooms in bedrooms 
and hallway 




STORAGE 

Apart from the cellar and attic rooms there should be at 
least one storeroom {1 m 2 or more, with a minimum internal 
width of 75cm and good ventilation) in the house. For larger 
dwellings at least 2% of the living area should be planned 
as storage room. The space is needed for storing cleaning 
equipment and materials, tools, ironing board, shopping 
baskets and bags, cases, stepladder etc. Doors should open 
outwards to give more space and internal lighting must be 
provided, perhaps by a contact switch on the door. A recess 
close to kitchen for built-in cupboards is desirable >®. 


shoe 

cupboard 




(12) Storerooms and cupboards 


Storerooms in entrance 
area 


Storeroom and shoe 
cupboard in entrance area 


Larder and storeroom in 
kitchen area 
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KITCHENS 





© 


Section through kitchen 
with two worktops 


© 


Section through kitchen; 
space for two people 


© 


Low-level oven requires 
adequate space in front; 
extractor hood above cooker 


© 


Worktops and storage 
60 cm deep 



© 


Household sink heights and 
high shelving 


© 


Hatch between kitchen and 
dining room 


© 


Side-by-side working 


© 


Self-closing doors with 
kick-plate between pantry 
and dining room 





Normal table height of 85 cm 
lies between the best heights 
for baking and dish-washing 



Pull-out worktop for use 
^ when seated 



Correct design of cabinet 
bases for convenient cleaning 
and working (>8cm) 



cooker(B) 





I—60—}—50-1.1 OH 

(Ti) Extractor hood: better than (jg) p u ||. out/swiv8 |Hng table 

V ~' / just a fan ^ 


— 1 additional height t+j- 


normal height 


possible bulkh ead 


35 35 


tt,... 

in 

80 j 


75 ! 
85-92 

W& L 



(16) A breakfast bar arrangement 


recommended maximum height is 92cm 





Section through kitchen 
units: preferred 
measurements 




Kitchen fittings and standing areas required 


© Plinth depth varies height 
of work surface 
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t 


i-i - fem-i-il 


® 


Single wall-mounted unit 


© 


Double wall-mounted unit 




© 


Full-height cupboards 


© 


Corner units 


KITCHENS 

Built-in and Fitted Units 

Despite increasing standardisation, the dimensions and 
manufacturing ranges of kitchen fittings still vary 
considerably. Built-in units are generally available from 
20-120cm (in 5cm steps), usually with a height of 85cm. 

In an architect-designed kitchen, the various elements 
are assembled in a way that cannot be altered, with 
worktops and storage surfaces, possibly including an 
electric oven (with cut-outs for hotplates) and a continuous 
cover plate. 

The materials used in kitchen units include, wood, 
plywood, chipboard and plastic. Exposed wood surfaces are 
varnished or laminated with plastic. Shelves are of wood or 
plastic-coated chipboard; metal shelves are best for pots 
and pans. Sliding or folding doors are useful if space is 
restricted because they require no additional space when 
opened. 

Floor units -> ® + (2) are for storing large, heavy or 
seldom-used kitchen equipment. Wall-mounted cabinets -> 
(3) + @ have a small depth so that the worktops beneath 
them can be used without hindrance. They allow crockery 
to be reached without bending. 

Full-height cupboards ->• (5) can be used for storing 
cleaning materials, brooms etc. but are are also suitable for 
housing refrigerators, ovens, or microwaves at a 
convenient height. 

Sinks and draining boards should be fitted into floor 
units, which may also include a waste bin, dishwasher and 
disposal units (and, if necessary, an electric water heater). 

Special equipment, such as retractable breadbins with 
universal cutting board, equipment cupboards with special 
pull-out or hinged compartments, retractable kitchen 
scales, spice drawers, pull-out towel rails etc., save time 
and effort. 

An extractor above the cooker is recommended and 
extractor hoods are most suitable for this task. There is a 
differentiation to be made between air extraction and 
recirculation systems. Extractor systems require a vent to 
the outside but are more effective than recirculation 
systems and so are the preferred type. 










KITCHENS 




size 

(1) 

w 

(cm) 

d 

(cm) 

h 

(cm) 

50 

55 

55-60 

80-85 

75 

55 

60-65 

85 

too 

55-60 

60-65 

85 

125 

55-60 

65-70 

90-100 

150 

60-65 

65-70 

120-130 

200 

65-70 

70-75 

130-140 

250 

70-80 

70-75 

140-150 



© 


Dimensions: refrigerators 
and freezers -» (3) + @ 


size 

(f) 

w 

(cm) 

d 

(cm) 

h 

(cm) 

50 

55 

55-60 

80-85 

75 

55 

60-65 

85-90 

100 

55 

60-65 

90 


Dimensions: built-in 
refrigerators 


The dimensions of built-in 
units and equipment must be 
taken into consideration 
when designing the layout 
and storage areas of a space- 
efficient kitchen. Modern 
electrical and gas units as 
well as kitchen furniture are 
made such that they can 
usually be fitted together and 
built in, giving combinations 
that ensure a smooth flow of 
work. Provide sufficient 
shock-proof sockets: a 

minimum of one double 
socket for each working and 
preparation area. 

A double sink unit is 
usually required » ® - (9), 
ideally with a draining surface 
on one side and a standing 
surface on the other. 
Dishwashers should be fitted 
to the right or left of the sink. 
Where the kitchen is very 
small, compact kitchens ^ ® 
offer a solution. They require 
little space and can be fitted 
with many useful features. 



7 ) Dimensions: built-in sinks 


37/34 

44 

' 

34/34 

86 


1.24 




□□ 

44 


□ 

0 

1111 

In* — 


1.24 

25/34 



lllllllll 

0 

□ 

44 

r 

■QQ 

1.10 


1.24 


© 


Types of built-in sinks 



single cooking plate 




(?2) Hotplate 


meat/cheese cutting board 
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RESIDINTIAL BUILDINGS 


KITCHENS 




— view from kitchen 

— routes 

— rooms normal only in larger houses 


© 


Relationship between large kitchen and other areas 




frequency of using 
work area 



main interrelationships 
with other areas 


frequency of use of 
routes between areas 


© 


Use of kitchen areas 



® 


Effective kitchen workplace arrangement 


Kitchens should face north-east or north-west and be 
adjacent to any vegetable/herb garden and cellar. Ideally the 
kitchen should look out on the garden gate, house door, 
children's play area and the patio ->®. They should be well 
located internally with respect to the pantry, dining room 
and utility room. 

Although the kitchen is primarily a workplace within the 
house, it is a room in which the householder may spend 
long periods so careful design is important. The kitchen is 
also often a meeting point for the family if it contains a 
dining or snack area ->®. 

When fitting out the kitchen arrange the units in a way 
that follows the sequence of tasks to reduce the amount of 
walking required, and ensure there is sufficient room for 
free movement. Where possible, seek to reduce the amount 
of work done standing and ensure no activity requires an 
unfavourable body posture by matching working heights to 
body sizes. Good lighting of the work surfaces is another 
essential provision {p. 251). 

An appropriate arrangement to ease work in the kitchen 
would be, from right to left: storage surface, cooker, 
preparation area, sink, draining surface ->(3)-(4)- (Note that 
left-handed people often prefer to work from left to right.) A 
width of 1.20m between the sides is essential for free 
movement and using appliances and fittings. With a depth 
of 60cm on each side this gives a minimum kitchen width of 
2.40 m -»(§). 

The minimum area for a cooking recess is 5-6m 2 ; for 
normal kitchens it is 8-10m 2 , and 12-14m 2 for normal 
kitchens with dining or snack areas @ - ®. 

For planning purposes, the following width 
requirements for fittings and equipment may be used: 
cooker 60cm, twin sinks and draining surface (including 
dishwasher) 150cm, refrigerator 60cm, freezer 60cm, 
cupboards (provisions, cleaning materials, crockery and 
appliances) 170cm. With a worktop surface width of 200cm, 
this gives a total requirement of 700cm of standing area. 




A - storage surface 30 0 - sink ! according !o make I 
8 cooker 60 E - standing,draining 

C storage surface 60 surface 

O) One-sided kitchen 



F - large worktop and cupboard units 
G = wail units 
H - full-height cupboard 




6} U-shaped kitchen 
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Perspective view of one- fg) General view . © 

sided kitchen > (4) 


10 


Mini-kitchen with internal 
ventilation 



© 


L-shaped kitchen with 
dining area 


(Haas & Sohn) 



90- i i-60 h 


© 


Kitchen wall unit 
































































© 


Menu: soup, meat course, 
dessert, drink 


© 


Menu: soup, fish and meat 
course, dessert, white and 
red wine 


© 


Menu: soup, fish and meat 
course, ice cream, white, 
red and sparkling wine 


(?) Menu: starter, fish and 
meat course, dessert, 
white, red and sparkling 


wine 











„ (seat width (m) x number of people) 

0 round table =...3T42- 


e.g. for 0.60 m seat width and six people 


(0.60 x 6) 
3.142 


1.15m* 


(n) Minimum « rea (I? Minimum area (fg) Minimum area requirements -» ® + ® 

requirements v ' requirements ' 


255 

















DINING AREAS 


—:-o— 


t—60-+354—60- 



o 

MM 

m 

m 

m 

o 


/0\ Minimum tableto-wall 
v ''—- y distance depends on how 
food will be served 



t—60—1-50 - 110-1 



1204/214 
44/54 | 


(7) Retractable table 

I-1 70 -1 


1-60-4 

similar space to railway restaurant cars 
I—1.80 -1 


iO D 
? Cl P 


Smallest space for dining 
^ table and recess 


■' a^o \ 



80—4-^-1-354 I—60-4-40-^35 4-^— 


Allow space between 
Vv —■ y sideboard and table for 
walkway 



h-60-1-404— 80—| 





I ? 

1 

120 50 
, J. 

□ 

30 



Fitted table 


! - 

- 3.00 - 

-! 

a 


D 

a 


□ 

a 


□ 


a 

M.00H 

1 


q [ | | | 


space-saving table r"7 Y~1 F g 0 
with corner seat =* 1 _[; _l 

/0\ Ensure clear access to rear 
seats with more than five 
diners 

1-504— 155 —I- 390 



Allow for drawers and 
doors 



h45+4044-301-301 



Breakfast bar 


O 

dPlD 

u 


Round table, four to six 
^ people 


QQQOQ 


enlargement possible by i 
j^) opening up folding 4 Q0 
doors to adjoining room 


(10) Minimum size for six diners 0\ Most comfortable seating arrangement in dining room for 12 
^ with round table ^ people (with sideboard) 


It is often desirable to have 
space in the kitchen for eating 
snacks, breakfast etc. and use 
the dining room for main 
meals only. This can be 
provided by including a 
retractable table, with a height 
of 70-75cm, which is pulled 
out of a base unit A 

movement area of at least 
80cm is needed to the left and 
right of the table. If sufficient 
space is available a fixed table 
against a free-standing unit 
can be used -> (§). Another 
alternative is the breakfast bar 
arrangement -> (6). This 
requires less depth than the 
fixed table, even though the 
surface is also 40cm deep, 
because of its elevation but 
this also means that special 
stools are required. Depending 
on their design, full dining 
areas require far more space 
but they can obviate the need 
for an additional dining room 
-> ® + (8). A corner seat and 
dining table take up the least 
amount of space -> (8). 

It is useful to be able to 
extend the dining room 
through wide doors or a 
folding wall for special 
occasions -+ (n) + To eat 
comfortably an individual 
needs a table area of 
60 x 40cm. A strip of 20cm is 
needed in the centre of the 
table for dishes, pots and 
bowls ->• 0. Lighting should 
not be dazzling: the ideal 
distance from lower edge of 
the light to the table top is 
around 60 cm -> 0. 

Suitable locations for dining 
rooms are shown in (u) - 0. 



t— 40 —(- 20 4—- 40 
(12) Typical table cover 


living _I dining : 

room j I room . 


(T3) Dining room layout scheme 



Self-contained dining room 
between kitchen and living 
room (undisturbed dining 
area) 


Q.... 

n rio: 

□_□ 

^ m\ * 


Dining room between patio 
and living room: folding 
doors allow combination 
with the living room 



Dining room and living 
room, as 0, on common 
patio giving good natural 
lighting 
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BEDROOMS 




2J Storage: bedside table 

north 






north 



© 


Bedroom with space for 
dressing table and side 
cupboard 



To ensure comfort while 
sleeping, the bed length 
should be 250mm longer 
than the individual's height. 
Based on average heights, 
beds are produced in a 
range of standard sizes: 900 
x 1900 mm, 1000 x 1900 mm, 
1000 x 2000 mm, 1600 x 
2000 mm and 2000 x 
2000 mm. The bedroom 
layout should give at least 
600mm, preferably 750 mm, 
around the bed ->0. This is 
important to allow the bed 
to be made easily and also, 
if there is a cupboard 
standing parallel to the bed, 
to give enough space for 
movement even if the 
cupboard doors are open. 

There should always be 
a bedside cabinet to the left 
and right of double beds 
and a headboard, onto 
which one can fix clip lights 
for reading, is also useful 
Bedside lamps should 
be provided in addition to 
general lighting. 

About 1 m of cupboard 
length should be planned 
per person. If there is not 
enough room in the bed¬ 
room, then space can be 
found in the corridor ■ ©. 
At least one mirror, in which 
one can see oneself from 
head to toe, should be fitted 
in a bedroom: mirrored 
cupboard fronts are even 
better. 






Two-bed room for 
children/guests 


16) Two-bed room 


(T3) Dividable -> @ 
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BEDROOMS 


Bed Positions 

The position of the bed within a room can have a significant effect on a person's feelings of well-being: 






® With head to wall (S^) Away from the wall 

A self-assured person is happy to sleep anywhere in the room whereas somebody with an anxious disposition may prefer 
to sleep next to a wall: 





In addition to room decoration and furnishings, a restful atmosphere also depends on the orientation of the bed {head best 
towards north), position with respect to the light (looking away from window) and the door {looking towards door). Where 
there is more than one bed their position with respect to each other is important: 




Different arrangements of beds may be desirable if friends, sisters, brothers or guests sleep in one room: 





The arrangement of double beds (and single beds placed side by side or as bunks) has more to do with personal preference 
than space. Separate beds have now become common for couples whereas an enclosed double bed was customary in the past: 



The last example is formed like a basilica and lit by a special ceiling light when the curtains are closed. These last four 
examples show how the room and furniture decoration has depended strongly on the customs of the era. 



BEDROOMS 

Bed Alcoves and Wardrobes 





(IT) Section (§) 


Section through 
drawers —> (6) 


Section —> Q) 


Built-in cupboards and fitted wardrobes are ideal for owner- 
occupied houses, whereas free-standing units are better for 
rented housing. With small rooms it is necessary to make 
use of every space and this need can be satisfied effectively 
by creative use of built-in cupboards. Highly suitable are 
complete fitted wardrobes or cupboard rooms in wafls 
between the bedrooms. 

Care must be taken to avoid condensation in cupboards 
on exterior walls. This is achieved by providing insulation 
and good ventilation. Ventilation is also necessary for 
cupboard rooms -* 



(ri) Section -> @ (12) Section > (14) 




'gT Cupboard space and 
^ shower between two 
child's bedrooms 



'gT Cupboard area with 
^ separate accesses 



Cupboard room with 
cupboards on both sides 


/^g\ Cupboard room with space 
^ for dressing 
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BEDROOMS 




‘Mm- sto:.., 

.*H/^ r 




‘^'M(f 




1 45-1 60 | 


Women's dresses 



Storage requirements 

When planning storage areas in bedrooms the following 
numbers may be used to work out an approximate 
minimum volume. 


For men 

8 suits 
6 coats 
8 jackets 
12 pairs trousers 
20 shirts 
15 tee-shirts 
12 jumpers 
4 pairs pyjamas 
8 pairs shoes 
2 hats 


Sundry items 

6 sheets 
6 duvet covers 
12 pillows and cases 
8 bath towels 
8 hand towels 


For women 

6 suits 
10 coats 

5 jackets 
20 dresses 
15 skirts 
15 blouses 
20 tops 

15 jumpers 

15 pairs leggings/trousers 

6 pyjamas/nightdresses 
10 pairs shoes 

4 hats 



5 10 shirts 
12 cm high 


Men's clothes 



12 men's 
handkerchiefs 
14 - 14 * 7 


12 women's 
handkerchiefs 
11 x 8 * 3 


(If) Pyjamas and handkerchiefs 



24 pillow cases 





6 hand 3 bath 
towels towels 



^29 







3 pairs Sport socks 


men's socks 
.10 .8-3.5 



(10) Women's hats 


Boots and shoes 


U 2j Socks and gloves 






(l3) Clothes hangers 


(l 4) Dressing table 


Clothes chair (back in the 
form of a hanger) 


O Built-in clothes cupboard 

using the doors for storage 








RESIDENTIAL BUILDINGS 


BATHROOMS 

Fittings 







© 


Wall-mounted deep-flush 
toilet bowl and cistern 



© 


Necessary minimum wall 
clearance for washing 



© Bath unit 



'g'N Squatting WC (French 
style) 


convection 



© Bath panelled on one or 
two sides with convection 
heating 



© 


Deep-flush toilet bowl; 
built-in cistern 



12 


Minimum space between 
bath and wall 


Recommended clearance 



Hot water storage tank 
beneath wash-basin 




J5) Gas heater: requires a flue 




/ 2 qN Double vanity unit, 
cupboards below 


(21j Single vanity unit 
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BATHROOMS 






1. Wail-mounted units are 
preferable for hygiene 
reasons and for ease of 
cleaning. Deep-flush WCs 
reduce odours. 



2. In contrast to showers, 
baths may be used 
medicinally (e.g. muscle 
relaxation) as well as for 
washing. 




3. Bath tubs are usually 
installed as built-in units 
and may have convection 
heating inside. 



4. Urinals ->© - (4) are often 
found in today's 
households. 



35-45 

35-45 

60-75 

100-120 


5. Wash-basins: 

TT A 115-145 
B B 40-55 
I I L 120-175 
| T 100-145 

Should be of a suitable size 
and have ample surround¬ 
ing flat storage surfaces. 
Flush-mounted fittings save 
space and are easy to clean. 
Mixer taps save water and 
energy. Note that 1.20 m 
wide double wash-basins do 
not really provide enough 
free arm movement when 
washing: better is a layout 
with two basins, towel rails 
in between and storage to 
the sides -» p. 262 ®. 
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RESIDENTIAL BUILDIN6S 



mm gp Q.lii 

© 0 

wall forming block 


W 


block placed against wall 


© WC sanitary elements 


© 


installed block 



h- - —§2 10-f 

Sanitary block in front of wall 




h. 


-? 15 






1.53 -j 


BATHROOM 

Cubicles 

Traditional wet room installations usually involve 
substantial expenditure and a lot of time. Because the 
requirements are largely standardised, prefabrication is 
desirable, especially for terraced and multi-family housing 
projects, holiday homes, apartments, hotel facilities and for 
old building restoration work. Sanitary blocks can be 
prefabricated -» (T)-(3), as well as utility walls or complete 
cubicles -> with premounted piping as well as units 

with accessories. Prefabricated compact cubicles are 
supplied in a range of fixed dimensions. 

Prefabricated cubicles are mostly sandwich construction, 
with wooden frame and chipboard or fibre-cement panels. 
They use aluminium, moulded stainless steel or glass-fibre 
reinforced plastic to match the units and accessories. 



io 


Bathroom cubicle with 
washing machine 


© 


Compact WC cubicle 


(12 


As —> Qj) but with shower 
to one side 


Compact cubicle with 
shower 


2.28 s 



1-1.40—i 



(15 


Shower cubicle in the 
smallest flat 


1.50—I 




(16 


Prefabricated bathroom 
with kitchen utility wall 


(13) Hospital-style WC cubicle 
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BATHROOMS 

Location 



© 


Spatial relationships with the bathroom 




Swing doors to bathroom 
and WC from parents' 
bedroom 



© 


Bathroom on landing 
between bedrooms 


The most convenient location for the bathroom is adjacent 
to the bedrooms land the WC if it is not incorporated in the 
bathroom itself). Although showers are compact and often 
preferred by younger people, baths are generally more 
suitable for the elderly. 

If the house has no utility room and a small kitchen, 
spaces and connections can be provided in the bathroom 
for washing machines and laundry baskets. 


bathroom unit/equipment 

floor area 


width (cm) 

depth (cm) 

built-in wash-basins and bidets 



1 single built-in wash-basin 

> 60 

> 55 

2 double built-in wash-basin 

3 built-in single wash-basin with 

> 120 

> 55 

cupboard below 

> 70 

> 60 

4 built-in double wash-basin with 



cupboard below 

> 140 

> 60 

5 hand wash-basin 

6 bidet (floor-standing or 

> 50 

> 40 

wall-mounted) 

40 

60 

tubs/trays 



7 bathtub 

> 170 

> 75 

8 shower tray 

> 80 

> 80* 

WC and urinals 



9 WC with wall unit or pressure cistern 

40 

75 

10 WC with built-in wall cistern 

40 

60 

11 urinal 

40 

40 

washing equipment 



12 washing machine 

40 to 60 

60 

13 clothes drier 

60 

60 

bathroom furniture 



14 low cupboards, high cupboards. 

according 


wall-hung cupboards 

to make 

40 

* in the case of shower trays with w = 90 this can also be 75cm 


nO) Space requirements for bathroom and WC units 






Bedrooms and bathroom can 
be closed off using swing 


doors 



Bathroom and separate 
shower 


water 

consumption 

for: 

water 

consumption 

(1) 

water 

temperature 

<°C) 

approximate 

time 

(mins) 

washing: 




hands 

5 

37 

2 

face 

5 

37 

2 

teeth 

0.5 


3 

feet/legs 

25 

37 

4 

whole body 

40 

38 

15 

hair washing 

20 

38 

10 

children's bath 

30 

40 

5 

bathing: 




full bath 

140-160 

40 

15 

sitz bath 

40 

40 

8 

shower bath 

40-75 

40 

6 

grooming: 




wet shave 

1 

37 

4 


© 


Hot water requirements: temperature and usage time for 
domestic water heaters 
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® 


Bathroom accessible from 
bedroom and via 
shower/WC 





© 


Typical bathroom in 
terraced house 


Nassauer Hof Hotel, Wiesbaden 

(^) Typical hotel layout 




’g'N Kitchen, utility room, 

^ bathroom and WC centrally 
grouped 



BATHROOMS 

Location 

Bathrooms with WCs are self-contained rooms which are 
equipped with all of the fittings necessary to meet all the 
sanitary needs of the occupants. However, the plan should 
ideally include two separate lockable rooms for the 
bathroom and WC and this is essential in dwellings for 
more than five people. A bathroom with WC can be directly 
accessible from the bedroom as long as another WC can be 
reached from the corridor -» (2) + ©. 

A bathtub and/or shower tray plus a wash-basin are 
installed in the bathroom, while a flushing toilet, bidet and 
hand washing basin are installed in the WC. 

For cost efficiency and technical reasons the bathroom, 
WC and kitchen should be planned such that they can share 
the same service ducts -> (3) + (4), ® - ®. In multistorey 
homes, an arrangement such that the utility walls for the 
bathrooms and WCs are directly above one another helps to 
keep installation costs and the necessary sound insulation 
measures as low as possible. However, adjacent bathrooms 
in two different flats must not be connected to a single 
supply or discharge pipe system. 

The bathroom and WC should be orientated towards 
the north, and should normally be naturally lit and 
ventilated. At least four air changes per hour are required 
for internal rooms. For comfort, a bathroom temperature 
of 22 to 24°C is about right. A temperature of 20°C is 
suitable for WCs in homes. This is higher than that 
encountered in office buildings, where 15 to 17°C is the 
common norm. 

Bathrooms are particularly susceptible to damp so 
appropriate sealing must be provided. Surfaces must be 
easy to clean because of high air humidity and 
condensation, and the wall and ceiling plaster must be able 
to withstand the conditions. Choose slip resistant floor 
coverings. 

Consider the required noise insulation: the noise levels 
from domestic systems and appliances heard in 
neighbouring flats or adjoining rooms must not exceed 35 
dB(A). 

At least one sealed electrical socket should be provided 
at a height of 1.30m beside the mirror for electrical 
equipment. It is also necessary to consider the following for 
the bathroom/WC: cupboards for towels, cleaning items, 
medicines and toiletries (possibly lockable), mirror and 
lighting, hot water supply, supplementary heater, towel 
rails, drier, handles above the bathtub, toilet paper holder 
within easy reach, toothbrush holder, soap container and 
storage surfaces. 
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BATHROOMS 
Planning Examples 
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CARPORTS 







© 


House with carport 




© 


Carport with storeroom 


Covered parking spaces (preferably with a solid wall on the 
weather side) provide an economical and space-saving way 
of providing adequate weather protection for vehicles. 

A combination of carport and lockable store (for bicycles 
etc.) is recommended -> (§). 

Carports are delivered as complete building kits, 
including post anchors, ironmongery and screws, as well as 
gutters and downpipes -> ®-@. 

Examples of the lay-out and design of houses with 
covered parking bays are shown -> (4)- (5). 



9 ) Carport for one car 



© 


Two cars, room for bicycles 



© 


Double carport with 
separate house entrance 






(li) Individual carports (u) Doub le carports 

v —' (Osmo/Gard) ^ 


268 


















HOLIDAY HOMES 


Tents 



© 


Smalt tent with apse 



With inner tent, two apses 
and canopy 


Caravans and campers 210 


2 00 










w 


night 


bench 
- table 


Oil 


day 


v cupboard 



sleeping areas 



day 



(I) Caravan with three beds ( 5 ) Caravan with five beds 

V — y and built-in kitchen v — 


© 


Caravan with four beds and 
toilet 


© 


Caravan with five beds, 
toilet and kitchen 


view of vehicle when open: 
front and back sections 
made of sailcloth 




area for three people 


height with wheels, 2.45m 





Perspective view of (8) 


Caravan with areas for 
cooking and eating 


I 





12 


Large mobile caravan: 
sleeps eight to nine 




Ships' cabins 




(16 


With a double bed and 
bath/toilet 


© 


With two beds and 
bath/toilet 


18 


With one single and one 
bunk bed, shower/toilet 



© 


As equipped for 
sleeping (for five people} 


? 07 



P S 

l,.... m 



(l5) Camper: Lyding ROG2 



19 


Twin cabin with 
shower/toilet 
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SHEDS/SUMMER HOUSES 




r 1 

1 

& 

iL 


/////////////7/S//777 


0 


3.1 m 2 area 

Summer house added to 
main dwelling 




With overhanging roof 




Factors to take into account when assessing a plot are: 
prevailing wind direction, groundwater, drinking water 
supply, drainage, heating, access and parking space for 
cars. Whenever possible, construction should be from 
natural local materials (stone or wood). For security 
reasons, furnishings should be secured and entrances fitted 
with lockable shutters to protect against theft. 


I 


4 30 


upper floor 



ground floor 


2 15 * 2 15 1 



© 


Log cabin with sleeping loft 






13 


Ground floor of holiday 
house in Nordseeiand 



Architect: Hagen 


(T4) Upper floor -» @ 



(l 5) Weekend house 



(l6) Holiday house in Bornholm 
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TIMBER HOUSES 




(IT) Section/plan - * (4) pIan 



section 



Protecting low-level cladding 
against water splashes 







Joints in half-timbered 



Replaceable construction 
^ of heavily weathered 
cladding 



The oldest form of timber 
housing consisted of prepared 
logs or blocks placed one 
upon the other and 
structurally connected by 
rebated corner joints. Today, 
the most common form is 
timber framed housing (also 
balloon framed or half- 
timbered construction). Vertical 
loads are transmitted to the 
ground through structural 
posts giving an economic 
form of construction that 
fulfils all the requirements in 
relation to building physics, 
quality, structure and comfort. 
The most important precaution 
is to protect the fagade 
cladding to prevent water 
from penetrating the timber. 
Plan the cladding so that the 
rain flows off quickly and, 
where splashing occurs, 
design for the replacement of 
parts. Also plan for sufficient 
roof overhang. 



upper floor flush 




15) Panel construction 


(l6) Horizontal cladding 


(T 7 ) Vertical cladding 







































RESIDENTIAL BVILDIN6S 


HOUSE ORIENTATION 


boundary 



east-west road 





frontage or 

4] 

terrace 

J- 


L rb 

building line 

a = min. distance between buildings 
-1-1- WEST 


© 


© 


Preferred house 
orientation on 
east-west roads 

Preferred directional 
orientation of 
individual rooms 



NORTH 

little sun, cold winter winds, even 
light, large windows for scattered 
light during the day necessary, lower 
insect problems 


A 

staircase , 
hallway 


work room 
cold store 
storage 
wine cellar 
larder 
box room 
heating 
garage 


best 

position 


lavatory 
entrance 
cloakroom 
studio 
kitchen 
storage 
utility room 


s 


m !' 


stables 
wash-house 
laundry area 
showers 


i—r 
/ \ 


weathered side ir 
Europe, intense 
afternoon sun can N 
cause overheating 
and dazzling in 
summer so 
consider planting 
trees 


! storeroom 


idruer 

/ ' 
/ office/work area 



staff room 

\ drying room 

ZX 

changing room f 

^ (good ventilation 


games room ^ 

needed) 


bathroom 


south , 
terrace I 


communal area 
music room 
landing/hali 
library 
playroom 


dining room 
playroom 
living room 
winter garden 


main bedroom 
guest-room 
breakfast area 


garage favourable 


Favourable {preferred) and 
unfavourable positions on 
slopes and streets 


favourable 

unfavourable 

, favourable 

unfavourable 
lake or river 



EAST 

intense sun in 
morning, 
pleasant 
warming-up in 
summer, fastest 
to cool in 
winter 

study 
kitchen 
one-room flat 


© 


| frontage or 
j building line 


a 


east-south 

terrace; 


ft 


distance 
as great as 
possible 


a 


ZX 

.north_1 


Preferred house 
orientation on 
north-south roads 
(east side of street 
is favourable) 


SOUTH 

best side of house, midday sun in 
summer, strong sun in winter: 
consider awnings and overhanging 
roofs as protection against the sun 


W 

very good 


Nw/ 

cT 

^\NE 

Ak 



1 \ 

/ 

good \ 

n 


□ 


© 


Preferred house orientation 
on streets with various 
directions 


Optimal residential sites 

As a rule, sites to the west and south of towns and cities are 
preferred for residential development in areas where the 
prevailing winds are generally southerlies or westerlies 
(e.g. many parts of western Europe). This means the houses 
receive fresh air from the countryside while urban pollution 
is dissipated to the north and east. These latter areas, 
therefore, are not desirable for housing and should instead 
be considered for industrial buildings. Note that in 
mountainous areas or by lakes the wind behaviour 
described above may be different. For example, sunny 
southern and eastern slopes in the north and west of a city 
located in a valley basin could be sought-after locations for 
the construction of private homes. 

Plots located on mountain slopes 

Plots located on the lower side of mountain roads are 
particularly favourable because they offer the possibility of 
driving directly up to the house, where a garage can be 
located, and leave a tranquil rear garden with an 
uninterrupted view and sun. On the upper side of the street, 
this is far harder to provide and walls and concrete ditches 
are usually necessary behind the house to guard against 
falling rocks and collect rainwater running off the mountain. 

Plots located by water 

The potential nuisance from mosquitoes and foggy 
conditions make it inadvisable to build too close to rivers 
and lakes. 

Orientation relative to the street 

For separate houses with boundary walls, the most 
favourable plots are usually situated south of the street so 
that all auxiliary rooms, together with the entrance, are then 
automatically positioned facing the street. This solves any 
privacy problems because it leaves the main living and 
sleeping areas located on the quiet, sunny side {east-south¬ 
-west), facing away from the street and overlooking the 
garden. If the plot has sufficient width, large French 
windows, terraces and balconies can be used to good 
effect. -> © 


Plots are generally narrow and deep in order to keep the 
street side as short as possible. If the plot is situated to the 
north of the street, the building should be located towards 
the rear, despite the extra costs of a longer access. This is in 
order to take advantage of the sunny front garden area. 
Buildings on such plots can be impressive when seen from 
the street. -> © 

Plots on the east of streets running north-south > (?) are 
the most favourable in areas with westerly prevailing winds 
because gardens and living areas then face east, which is 
the most sheltered. Additionally, it is less likely that there 
will be neighbouring buildings close enough to obstruct 
low sun in the east. To take advantage of winter sun (low in 
the southern sky), the buildings must be situated close to 
the northern boundary so a large area of terrace can be 
south-facing. Plots on the west of a north-south street 
should be planned in a way that maximises the amount of 
southern sunlight received and gives an unobstructed view 
from the terrace. This might require the house to be built on 
the rear boundary -> The most favourable plots for 
houses in streets runninq in other directions are shown in 

Plots adjacent to existing houses built on the sunny side 
have the advantage that the position and ground-plan of the 
new house can be designed in a way that ensures the sun 
will not be obstructed at any time in the future. 

Room orientation 

Whenever possible, all living and sleeping areas should 
face towards the garden on the sunny side of the house, 
with the utility areas on the opposite side --> (3). This allows 
rooms that are occupied for the most time to take 
advantage of natural solar heating. Use of a local sun 
diagram (pp. 164 and 165} will indicate when the sun will 
shine into a room, or a part thereof, at a particular hour for 
any season. This information may also be used to decide 
which way the building should be orientated and where it 
should be placed to avoid being shaded by neighbouring 
buildings, trees and the like. 
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HOUSING TYPES 



0 normal number of storeys 

-1- 

1 . 11/2 

. 1 

1 1/2 | 2 

<1)2 ^ 1 

2 

7 average gross floor area/house (m 2 ) 

1 

150 | 160 

150 1 160 

150 | 150 

I" I 

130 J 130 | 150 

0 floor area index (calculated) 

0 34 1 04 

(0 3) | (0 32) 

| 

0.5 0.62 

(0.4) (0.5) 

0.6 1 0 57 

(0.45) | {045} 

-i-i- 

0.8 | 078 - 079 

(075) | 1 

i i 

^ maximum permitted floor area index** 

maximum permitted land use ratio** 

0.5 

0.4 

0.5 0.8 

0.4 

(0.5) 0 8 1 0 6 

0.4 0.6 

0.8 

04 


“1 0 average occupancy (occupants/dwelling) 

3.5 

3.5 

3.5 

3.5 

net residential density (dwellings/hectare) 

^ -j maximal 

variance 

1 

1 

N> 

r 

!h 

L 

1 

_1_ 

33 _38 

26- 38 

40 38 

29 40 

62 | 60 1 53 

50 62 

net residential density (occupants/hectare) 

<j maximal 

variance 

77 | 88 

70-90 

- r --- 

116 ^ 133 

90 -130 

140 ' 133 

100-140 

217 J_ 210 _[_ 186 
170-210 


* without garage on the property 

. ... ** village and residential areas 

Summary of typical housing densities 




□ 




C 


detached 

(free-standing) 


built-up on 
one side 


built-up on 
both sides 


mm amini 





s\ 


© 


The relationship between dwellings and surroundings 


design-related integration with regard to architecture and vegetation 


© 


Positioning of the house on the plot and integration in the 
neighbourhood 


wide/narrow 



garden 


garden, 

less 

usable 

front 

garden 






Relationship between dwelling and plot 


© 


Plot zones and the impact on the design of the dwelling plan 
(the arrangement of rooms, functional areas) 
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HOUSING TYPES 


principal use of 
space 


principal period of use; 
desired orientation of 
the sun 



living area 


eating area/dining 
room 


children's room 


bedroom 


afternoon to evening 


morning to evening 


afternoon to evening 


night: 

morning sun desired 



© 


Orientation of living spaces 



© 


Orientation of living space 


N 



S 




Annual insolation 
(solar orientation) 



E3 


E3 


SB 


EH 




successful integration of houses into urban and country environments demands a flexible approach to 
designing the dwelling plan and must take into account the site-specific features (other houses in the 
vicinity, streets, plazas or the natural terrain) to create housing that is compatible with the surroundings 



© 


In a village setting 


© 


On a housing estate 


© 


In an 'urban' plan 


In addition to complimenting 
the overall features of the site 
and satisfying the require¬ 
ments of access and spatial 
relationships between build¬ 
ings the arrangement of the 
houses on the site plan 
should have an orientation 
based on the path of the sun. 
This allows the architect to 
produce a design that gives 
the optimum levels of 
sunlight in specific parts of 
the dwelling at certain times 
of the day. 


A: 100“ sun on the shortest 
winter's day 
B: 200“ sun from the 

beginning of spring to 
the end of autumn 
C: 300° sun on the longest 
summer's day 



© 


In the country 


adaptability of dwellings to topography 





JO) Steeply inclined slopes 



















































HOUSING TYPES 


Examples of Typical Designs 





@ Semi-detached housing 

Frequently employed by 
developers and based on 
the use of identical designs. 
Also used on single-plot 
projects but rarely are the 
two halves individually 
designed. Garages or car 
ports are often included on 
the side boundaries. 








© Linked housing 

Usually used only by devel¬ 
opers undertaking large- 
scale residential projects. 
The groups of houses are 
built with uniform plans 
and designs and can be 
layed out in compact or 
spacious configurations. 
Garages or parking spaces 
can be incorporated in the 
individual plots or a 
separate parking area 
provided. 


( 3 ^) Houses with courtyard 
gardens 

Can be planned as individual 
buildings or as groups with 
coordinated design. Groups 
are usually considered only 
for large developments. 
Include individual garages 
or a communal parking area. 


@ 


Terraced houses 


A shared building form that 
gives rows of identical (or 
slightly varied) houses. 
Parking is usually on-street 
or in communal car parks. 



A: main residence 


y: uj 9 !u isaiqeuce 
A: main residence 



g: 2Gb9L9JG 162ICJ6UC6 

B: separate residence 



key 

1 , IV 2 : number of storeys 
GR: gable roof 

SPR: single-pitch roof 

eiuaie-bstCM LQ04 
GB- QsPIG s-ooi 
j' j j\s: unujpGt. 04 ajoiGAa 
(tgA 


key 

1, IV 2 : number of storeys 

GR: gable roof 

SPR: single-pitch roof 

FR: flat roof 


Town houses 

Another shared building 
form resulting in rows of 
houses that are identical or 
contain a matching variety 
of designs. Parking space 
may be on the plot, on¬ 
street, or in communal car 
parks. As with all these 
examples, design coordin¬ 
ation and regulatory agree¬ 
ments are necessary. 


oiGuia 9 lg uGCGaagLA- 
sqou 9uq LGan|9*oiA 90lgg- 
ation and regulatory agree¬ 
ments are necessary. 


AMO RESIDENTIAL BUILDINflS 



Examples of Typical Designs 



I'.GR 2 GR 



HOUSING TYPES 

Q Semi detached housing 

Frequently employed by 
developers and based on 
the use of identical designs. 
Also used on single-plot 
projects but rarely are the 
two halves individually 
designed. Garages or car 
ports are often included on 
the side boundaries. 



Linked housing 

Usually used only by devel¬ 
opers undertaking large- 
scale residential projects. 
The groups of houses are 
built with uniform plans 
and designs and can be 
layed out in compact or 
spacious configurations. 
Garages or parking spaces 
can be incorporated in the 
individual plots or a 
separate parking area 
provided. 






1 FR 


^ 3j Houses with courtyard 
gardens 

Can be planned as individual 
buildings or as groups with 
coordinated design. Groups 
are usually considered only 
for large developments. 
Include individual garages 
or a communal parking area. 



2 GR 2 FR 2 GR 3 FR 

(staggered storeys) 


© 


Terraced houses 


A shared building form that 
gives rows of identical {or 
slightly varied) houses. 
Parking is usually on-street 
or in communal car parks. 




^5^ Town houses 

Another shared building 
form resulting in rows of 
houses that are identical or 
contain a matching variety 
of designs. Parking space 
may be on the plot, on¬ 
street, or in communal car 
parks. As with all these 
examples, design coordin¬ 
ation and regulatory agree¬ 
ments are necessary. 
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TERRACED HOUSES 


m 

m 




© 


Terraced houses with varying depths 


Architects: K. and B. Woicke 





(TT) Terraced houses: all services contained in one duct 





6) Terraced houses orientated for favourable lighting and sunshine 




© 


Basement and top floor 


© 


upper floor ground floor cellar 



(lO) Terraced houses with garage space 
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SEMI-DETACHED HOUSES 


terrace / 

conservatory 

1. ’ iv 'ng 10 ! j [; 

I : nip 

. > dining study r -l 


pa,en,s 31 


i living |f; tche [ n | 

ira 


: u Tin 


!lcP 


IK 

ft 

S 

< 

ft 


© Semi-detached houses with dining room and surrounding terrace 


1 ■ V — 

Hr .q 

{ 1 - 

C- 'll 

living 

dining 

Fjiftd 

.kitchen 

PJr 

P-p? 

iTi 

Hr] 


Semi-detached houses with off-set levels 


( ■* 

T V r 


"rnTi 

T 

r nrii 

ncci i ■ 

D lJ [-i! 

living 

m finr 

p:I r 

... 


|| 


"1 nl^ n - 


U« IWbKI 


^ 43 ground floor 


Semi-detached houses with square plan 


Architect: L. Neff 


ground floor 

/^\ Semi-detached houses 
divided diagonally 



baicony 

Ip living j 


h::.2 

[child \child! 

J dining Jp 

u * i , K c. 

a) | ^ 

h c Tt 

| bath 

f § » JSp 





]j{parents : - 


ground „ _ .. 
floor entrance 


^7^) Upper floor .© 


■ terrace fa 



l_j upper floor 

Semi-detached houses with 
front entrance 


Semi-detached houses with 
side entrance 



(10) L-shaped semi-detached houses with two terraces 


courtyard 
. entrance 


r qo ■ _oiJ 

kitchen | I | 


ground floor ‘| 



Architect: R. Probst 


(7) L-shaped semi-detached houses with courtyard 




(^) Upper floor > (4) 


M3 


Semi-detached house 
basement 


P !§ [ 


(12) Ground floor 


DPI 


Architects: Hoyng, Nettels. Smuifort 


(T 3 ) Cross-section » {11) + (12) 
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balcony 













COURTYARD HOUSES 


Itr -:.m : : 

courtyard ■ 


EM 


© Ground floor 



i m *: 


entrance 


attic I- ®| 

I .. jr 1 - 

store 




© Upper floor 

■ service court -W^ r- 


Architects: Kuhn, Boskamp and Partners 

©© Courtyard house with 

directly accessible open area 


■ service court -i 


lc C -^. 
□IIP dining 


.HLUtf 


=i«pq 4 |*g 

bath: bedroom[(<- 


ES* U chMdl 

|U| n! 


Architects: Latty and Tucker 

House with garden and 
V '— 7 service court 


light shaft cour j|; ard J| w 



% 2 
L- “ 


entrance 

basement ground floor 


Architect: A. Hennig Architects: Schwinger, and Wermuth 

0 180 m 2 living area 


; ^ JH m\ 


|g child d .‘'I 

R l; -11< *iy in 3 f 


parents ; 1. 


\Q i: *ipii- v L " 9 r 1 m\ 

. service » k • i living I 

■ court ■ * ilj-lil court oj 

■ r H 

I "TT^T diningj |* j| 

cellar __kitchen T1 A_ s II 

1 u, S I £ ll 


Architect: Ungers 

(j$) Differentiated courtyards 


By using courtyards it is 
possible to provide addit¬ 
ional living space that is 
both sheltered and private. 
In contrast to detached 
housing, courtyard devel¬ 
opments allow a high 
quality of life to be offered 
to occupants using only a 
comparatively small 

amount of land area. 

Enclosed courtyards can 
be as small as a living room 
but might need to be 
artificially lit if the 
surrounding walls are all 
higher than one storey. If, 
however, a garden court¬ 
yard is required much 
larger areas are desirable to 
take full advantage of the 
sunlight and allow a full 
range of plants to be 
considered. 



Jgarage ^ 



potchen_| ! . 


m ~\ 

['workshop . 




h bath covered path 


(T) Ground floor and courtyard (s) House with courtyard in California 

^ kitchen^din!ng T entrance entrain B 

=™ “■ »-l U livtna I v ‘/ESI 

entrance ► 



upper floor ^ 

Architect: Chamberlin 

(Tq) Courtyard house on two 




© Architect: Bahlo, Kohnke, Stosberg and Partners 

Single-family courtyard houses 

,'!j! .lace] I 


entrance l kjtc heru, 



Architect: C. Papendick 

© Courtyard house, ground 
floor 


| j c jki ^hen| 


■L • i garden * ’ i j: rk 

III l™, -I'rL 

j" 0 " 

ground floor [bed 


1 bed- 

upper floor room |: 


Architect: Butler 

© Two-storey patio house 




-p—-■“7^ j-jpugBia 

jr 1 ’—^ I 4_Ji 

1 

m 

_uL 

rfc..- ■) U ^ 

r; n 

h 

1 ^——-- 

—1 

r ■ *—•——i 
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Architects: Jacobs and Wiedemann 


(13) Ground floor 


(l 4) Upper floor 


(15) Section 


(16) Section 
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RESIDENTIAL DVILDMRS 


DETACHED HOUSES 





(IT) Ground floor * (6) 



Upper floor 



© 


Upper floor 



(^) Upper floor —> © 



® 



Architect: R. Gray 

Ground floor 




( 9 ) Ground floor -> © - © 






@ Ground floor -> ® - ® 





workshop 


(l9) Attic floor 



© 


Section 
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HOUSES WITH CONSERVATORIES 



( 7 ) Ground floor ' @ + (3) 

Lr~ J 


Ground floor ^ (5) + (6) 






1 

| conservatory 


© 


(?) Upper floor 




child 

w 

■ 

■a 

IBBHII 


i 




© Upper floor 





balcony 

| ventilation 

J through stair¬ 
case tower 

upper floor 


A conservatory 

ground floor 


1 1 1 



Conservatories are not 
simple glass buildings, but 
complex systems that must 
be designed with technical 
precision. Depending on the 
different uses of the 
conservatory, the glass 
system, the ventilation and 
shading must be harmon¬ 
ised in order to make it 
work satisfactorily. 

A conservatory provides 
a buffer zone between the 
outside climate and the 
interior of the house. Glass 
structures work as solar 
energy collectors and in 
favourable climatic circum¬ 
stances the potential energy 
savings for the whole house 
can be about 25%. A 
westward orientation of the 
conservatory can substan¬ 
tially raise the environ¬ 
mental quality of the 
habitat. 

It is recommended that 
glass doors are incorporated 
in the transition area 
between the house and the 
conservatory in order to 
separate both spaces from a 
heating point of view and for 
reasons of comfort within 
the house and energy 
efficiency. 


(5) Section * (f) + (2) 


Architect: Hellwig 


Section -> (4) + (5) 



(T) Conservatory with flat roof connection 





Ground floor: conservatory illuminates ground 
and basement > (10) 


HO) Section > (p) 































RESIDENTIAL BUILDINGS 


THREE-LEVEL HOUSES 




© Basement * (2) - @ 







(IT) Upper floor -4 (§) 




(l^ Living on three floors 


(Is') Roof space —> (7) 




(lO) Ground floor with garage 





(l3) Upper floor 



(l6J Barrier-free living 


282 





























open-air seating 


SQUARE, CUBIC AND TENT-SHAPE 

FORMS 




Architect: Brixel 

2 j Upper floor 



© 


Attic floor 


© 


Section 



floor floor 

(IT) House on a slope -> (6) 



(7^) Section —> (8) - @ 



hall 

living area 

kitchen/breakfast bar 

dining room 

bathroom 

bedroom 

child's bedroom 

utility room 

hobby room 

provisions 

heating 

garage 

terrace 

terrace dining 
studio 





Architect: J. Romberger 

Tent house, timber construction: section -» (7) - (9) 
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ECOLOGICAL BUILDING 




© Ground floor —> (2) 

1 


i 


I 

i 

I 

! 


(3) Ground floor -> @ 




Ground floor -> (g) 





(T) Upper floor Gruber Holzhaus 



(6) Upper floor 


Honka Haus 



The timber house is the 
epitome of natural, tradit¬ 
ional and healthy living. This 
form of construction 
conforms to many clients' 
ecological, biological and, 
not least, economical, 
requirements. It uses 
selected solid timbers, 
natural insulation materials 
(e.g. cotton, wool or cork), 
natural materials for the 
roofing (e.g. clay tiles), and 
plant-based paints for 
decoration, ail leading to a 
high standard of eco- 
friendliness. 

Usually, only the slow 
growing timbers from 
northern countries are used 
for this type of construction. 
Unlimited life and low 
maintenance are the rule: for 
example, red cedar, as it is 
commonly known, contains 
a tannin which acts as a 
natural wood preservative, 
making impregnation un¬ 
necessary. Deeply over¬ 
hanging roofs are used to 
shelter the fapades. 
Manufacturers offer several 
types of external wall 
construction. Double-block 
construction consists usually 
of two identical leafs 
containing an insulation 
layer between. Single-leaf 
log walls produce the typical 
traditional atmosphere of 
the log cabin. The purchaser 
has the choice of round logs 
or squared blocks. 

Many timber houses can 
be freely planned to meet 
the client's requirements. 
The client also has a choice 
of which type of timber to 
use (spruce, larch, cedar). 
Many suppliers offer self- 
build options together with 
assistance from the firm's 
construction specialists. 



1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

n 


12 

13 

14 


bathroom extractor 
ventilation/windows 
stepped ventilation to 
under-floor cavity 
cavity 

solid-fuel heater flue 

boiler flue 

air intake to heating 

kitchen extractor 

boiler 

air supply 

solid-fuel heater flue 
taken down to floor 
level for cleaning 
access 

extractor, bath and WC 

solid-fuel heater 

air supply to open 

windows 

fresh air intake to 

house 



16 automatic vent to 19 ventilation duct from 

prevent overheating cavity to conservatory 

17 solar energy pre- 20 floor stores heat pre¬ 
heats conservatory heats the air ducted to 

18 conservatory the conservatory 


Diagram of energy system -> (9) 
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HOUSE TYPES: EXAMPLES 




Ground floor, house on a slope -» (2) 

entrance 




0 


Ground floor, house on a north slope -» (8) 





entrance 
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12) Ground floor 


53 ) Section 


Architects: Kaplan and Konnemund 




















































































HOUSES ON SLOPES 






upper floor 



ground floor 



1 

terrace 

12 

shower 

1 

entrance 

11 

dining area 

2 

halt 

13 

entrance hall 

2 

to terrace 

12 

boiler-room 

3 

guest-room 

14 

ventilation 

3 

living area 

13 

cellar 

4 

5 

study 

games room 

15 

system 

closet 

4 

cooking 

area 

14 

au pair's 
room 

6 

conservatory 

16 

kitchen 

5 

bedroom 

15 

studio 

7 

barbecue 

17 

service area 

6 

bathroom 

16 

parent's 

8 

garage 

18 

terrace 

7 

utility room 


bedroom 

9 

bathroom 

19 

entrance 

8 

toilet 

17 

children's 

10 

WC 

20 

sliding door 

9 

laundry 


bedroom 

11 

cloakroom 

21 

parking area 

10 

shower 

18 

wood shed 
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8 ) Ground floor 


(9^) Section 

























LARGE HOUSES 



studio and service rooms are near the side entrance, with the office between studio and 
living room; 

further draughting rooms with north light are situated above the kitchen; 
the bedrooms are on the east side, sheltering the residential area (located to the north) 
from the wind and preserving the view; 
the covered outdoor patio gets western sun 

Q Architect's house: scale 1:500 


Architect: E. Neufert 




Single-storey house with separate accommodation (chauffeur): 
scale 1:500 
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INTERNATIONAL EXAMPLES 




(terrace )?T\ steeping 




(T) Second floor and ground floor 



Architect: Shigero Nagano 


© First floor and situation plan 



entrance jffl ^ lobby 

l ( ^-in Fcellar 


aoy © 

\ parking^/ 

© Ground floor, house in 
California (4) + (5) 



f carport '\O q _ 

ODD 



living gg 

iviMdB 


(6J Ground floor -4 (7) + (8) 1 (76) Ground floor, house in the USA -> (R) 



( 7 ) Upper floor 



(77) Upper floor 


Architect: R. Meier 


| of fice j 
office £|o 


office 

^ nrr ;' m entrance 


: pa,l ° : .p 1 

§ Q 


JFtr^ c fcl dln i n9 iJ 

afcl 


^ R 

sleeping L —■ | 


Architect: R. Kappe, Los Angeles 

(5 j Second floor 


laundry' 


Basement 


t -ta m 

jgfig 



room 




{ .? • bath rogn n—^ ^rea ^ 

g :hild/, ,/ 


\0 %) 

bathroom V 


Architect: Bift Modern 

( 7 ) One storey house in Victoria, Australia 


Architect: L. Neff (12) Ground floor, house in the USA 


garden jj pj ay area 



Architect: M. Breuer 


(l 3) Lower floor 
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INTERNATIONAL EXAMPLES 





1 entrance 7 conservatory 

2 rock garden 8 kitchen 

3 study 9 storage 

4 patio garden 10 children's play area 

5 toilet 11 cloakroom 

6 seating area 12 bedroom 


13 laundry room 19 garage 

14 bath 20 light well 

15 tatami room 21 heavenly garden 

16 street 22 side entrance 

17 gallery 23 shaft 

18 machine room 






Architects: Otto Steidie & Hans Kohl 

( 7 ^ Ground floor -> (8) (IT) Upper floor 



Ground floor 


© 


Upper floor 


Celtar 


© 


Ground floor 


Upper floor 
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RESIDENTIAL NDILDINDS 


MULTISTOREY HOUSING 




2-4 flats, deck 

staircase access access 


© Blocks 



2 4 flats, deck 

staircase access access 



2-4 flats, deck internal 

staircase access access corridor 


(3) Slab -blocks 



3-4 flats, deck internal 

staircase access corridor 

access 


© 


Large-scale developments 




central access 


© 


Point-blocks 





(1) Blocks 

A compact, layered building form (either single buildings or 
in groups) that gives high occupancy densities. The external 
spaces within and around the building are clearly 
differentiated in relation to form and function. 

(2) Linear arrangement 

A spacious building configuration: either groups of identical 
block types or of buildings of completely different designs. 
There is little or no differentiation of the external spaces 
around the buildings. 

(3) Slab-blocks 

This building form is often used in an isolated 
configuration. It can be extended both in length and height 
but allows little scope for variety among the room layouts. 
Differentiation of the surrounding areas is difficult. 

(4) Large-scale developments 

By expanding and interconnecting slab buildings to create 
large forms stretching out over a wide area it is possible to 
develop large tracts. Differentiation between spaces defined 
by the buildings is almost impossible to achieve. 

(5) Point-blocks 

These are distinctive individual buildings, often standing 
isolated in open spaces. A 'dominant element' in town 
planning, this building type is frequently designed in 
combination with low-rise developments. 



1 kitchen 

2 living room 

3 bathroom/WC 

4 parent's room 

5 child's room 


© 


Building layout in Augsburg 


Architect: E.C. Muller 
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MULTISTOREY HOUSING 





© 


Two dwellings per floor, 
staircase on outside wall 


© 


Two dwellings per floor, 
internal staircase 


© 


Two dwellings per floor 


© 


Three dwellings per floor: 2 
apartments and one studio flat 



© 


^ j Two 60 m 2 apartments per 
floor 



© 


Two dwellings per floor 
with lift 


© 


Two dwellings per floor 





© 


Four dwellings per floor: two two-room apartments, 
two four-room apartments 


© 


Three dwellings per floor 


Architect: L. Neff 



© 



Four dwellings per floor Architect: Neufert/Meittmann./Graf 
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MULTISTOREY HOUSING 






I-12-15H 



© Point-block 
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Developments with only one dwelling per floor * © (the 
basic form for town houses) are often uneconomical. Four- 
storey buildings without lifts are the usual form. 

Housing with two dwellings per floor around a central 
core -> (2) provides a good balance between living quality 
and economy, allowing a variety of plans with satisfactory 
solar orientation and flats with different numbers of rooms. 
Buildings up to four storeys can have stairs only whereas 
those with five or more require a lift. For flats over a height 
of 22m, high-rise building conditions apply. 

Having three dwellings per floor and a central staircase 
-> (3) again offers a good mix of economy and living quality, 
and this form is suitable for building corner units. Two , 
three- and four-roomed dwellings can be considered. 
Housing with four dwellings per floor and a shared 
staircase -> (4) requires appropriate planning to provide a 
satisfactory relationship between economy and living 
quality. Different types of flat on each floor are possible. 

With point-blocks (§) the three-dimensional design is 
determined by the plan form. 


key: 


iivin 9 area <i 

[ | sleeping area^— 

111 other rooms <© 


entrance 

main orientation 

secondary orientation 



(?) Plan of -> (2) 


























































































BALCONIES 


© 



Corner balcony 





© 


Inset balconies (loggia) 




© 


Balcony group with 
intermediate storage space 
for balcony furniture 



© 


Offset balconies 


Balconies offer an effective means of improving the attractiveness of 
domestic accommodation units. They also give an extended work 
space as well as an easily supervised outdoor children's play area. 
Typical uses include relaxation, sunbathing, sleeping, reading, 
eating etc. 

In addition to the required functional living space an area for 
plant boxes should be provided wherever possible (8) + (J4). 

Corner balconies -> (j) offer privacy and good shelter and are 
therefore preferable to open balconies. Open balconies require a 
protective screen on the side facing the prevailing wind > (2). 

Where there are groups of balconies (as in blocks of flats), 
screens should be used to ensure privacy and give shelter from the 
wind Even better is to separate the balconies with part of the 

structure because this makes it possible to include some storage 
space (e.g. for balcony furniture, sunshade etc.) > @ + ®. 

Loggias are justifiable in hot climates but are inappropriate in 
cooler countries. They only get the sunshine for a short time and 
cause an increase in the external wall areas of the adjacent rooms, 
which increases heat loss -► (5). Balconies which are offset in their 
elevation can make fagades less severe but it is difficult to provide 
privacy and protection from the weather and sun @. Balconies 
which are offset in their plan layout on the other hand offer excellent 
privacy and shelter -> ®. 

During planning specify: 

• good orientation in relation to the the path of the sun and the 
view; 

• appropriate location with respect to neighbouring flats and 
houses; 

• effective spatial location with respect to adjacent living 
rooms, studios or bedrooms; 

• sufficient size, privacy, protection from noise and the weather 
(wind, rain and direct sunshine); 

• suitable materials for parapets (e.g. opaque glass, plastic or 
wooden balusters within a frame). 

The balcony frame is best made from light steel profiles or tubes 
with a good anchorage in the masonry. Balcony balusters made 
from vertical steel rods (note that horizontal rods can be climbed by 
children) can be considered but are not desirable because they do 
not offer shelter from the wind and lack privacy. Where they are 
used, they are often covered by the tenants themselves with all sorts 
of different materials. 

Draughts can occur in the intermediate spaces between parapets 
and the concrete slab -> ®, so it is better to extend the parapet down 
in front of the balcony slab or to have a solid parapet. This must be 
kept low to avoid a trough-like character and there must be a steel rail 
above it at the regulation height (>900mm). Allow space for flower 
boxes if possible (8). 
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□ 
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1 80 | 
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□ □ 

o 

CT) 

□ □ 



7.0 m 2 for 3/4 people 

111 llluJ bvtv.v.viv.v.v.v. 


ir 


□ 
u □ 


4.20 


9.0 m 2 for 5/6 people 


10.0 m 2 for 3/4 people 



© 


Reclining chairs 


© Seating around tables 


(13) Balcony layouts 


(l 4) Balcony layouts 
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MSIDINTIAL BUILDINGS 



















ACCESS CORRIDORS/DECKS 






© 


Possible corridor arrangements 



An alternative to the centralised layout (i.e. buildings with 
dwellings on each floor around a central staircase or lift) is 
to have the dwellings accessed from an internal corridor 
or a covered external walkway. This is more economical in 
large housing projects. Each level is served by one or 
more vertical connection points (lifts and/or stairs) which 
also lead to the main entrance to the building, in addition 
to stairways and lifts, vertical systems of service shafts are 
needed and there should be a clear differentiation of built- 
in, added and free-standing constructions. » © 

Dwellings on either side of an interior corridor have a 
single orientation and this makes it desirable to employ a 
design that uses two or more levels -> (3). A similar 
arrangement can be exploited in buildings with an access 
deck running along the exterior -» (6) + (?). Note that open 
access decks can cause problems in harsh climates. 

it is considerably better if the dwelling is on two or 
more levels because it allows the functional requirements 
to be met more satisfactorily and half-storey split levels, 
for example, can be stacked easily -♦ (2). Dwellings on only 
one level are particularly suitable as studio flats (5). 

To improve the realtionship between circulation and 
dwelling areas the goal should be to minimise the length 
of horizontal access routes. Planning corridors on 
alternate floors provides the best arrangement for larger 
multi-level dwellings and good solutions can be attained 
by siting the deck access on alternate sides. The number 
of corridors can also be reduced with a mirrored 
staggering of maisonettes or a similar arrangement of 
split-level dwellings. 






© 


Split-level flats with deck access 


Architect: Hirsch 



© 


Stairway installed in front of the access deck: kitchens are tit and 
ventilated via an inset balcony 




(T^ Floor beneath © 
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STEPPED HOUSING 


r*4- a-x4pH 


M4 a-x 4**1 




© Privacy considerations for terraces 



a step depth 
e eye level 
s storey height 
h wall height 
x wall depth 
t terrace depth 




(sT) Single -storey © Two-storey 

dwellings dwellings 


(^T) Asymmetrical 
plans 


L-shaped 

arrangement 



(¥) Plan 



Architects: Schmid & Knecht 


(T) Section 



pj Architects: Stucky & Menli 


1 living room 

2 dining area 

3 kitchen 

4 child's ro< 

5 bedroom 

6 storage 

7 heating oil st< 

8 utility room 

9 bathroom 




Plots on steep slopes are 
highly suitable for the 
construction of stepped 
housing. The rake of the front 
of the building (ratio of storey 
height to terrace depth) can 
vary widely (e.g. 8°-40°) 

depending on the slope. 
Where the terraces are large 
(i.e. above 3.2 m deep) the 
buildings are usually south 
facing and enjoy uninterrupted 
views. However, consideration 
must then be given to privacy 
> (T). Note that some cities 
have special regulations 
governing stepped housing. 

Stepped houses offer 
open space for relaxation and 
children's play similar to a 
conventional house with a 
garden. Plants on the terrace 
wall further improve living 
quality. These advantages 
have led to stepped housing 
being built on flat sites *©- 
® and projects to provide 
large internal spaces also 
invite the integration of 
stepped housing -»@. 

Privacy can be improved 
by using an overhang * @- 
(5) or progressively setting 
back each floor (9). 

However, the key factor can 
be the width of the terrace 
wall, which can be calculated 
using the following equation: 


(TO) Residential complex, ground floor —> © 



1 living room 

2 dining area 

3 kitchen 

4 bedroom 

5 child's room 

6 bathroom 

7 toilet 



Architects: Frey, 
Schroder, Schmidt 




Architect: Buddeberg 


" ~rr t 1 ft 


Design: E. Gisel 


(l2) Terraced housing, upper floor 


(l 3J Section through a convention centre 
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RESIDENTIAL BUILDINGS 


BUILDING FOR DISABLED PEOPLE 



t 




(?) Side view of standard (?) Front view (and folded) 

wheelchair — y 




© 


Plan view 


© 


Turning circle 



An environment for disabled people needs to be designed 
to accommodate wheelchairs and allow sufficient space for 
moving around in safety (see (J)-@ and (§)-© for 
dimensions and area requirements). Example door and 
corridor widths are given in ©-©. Ail switches, handles, 
window fittings, telephone points, paper roll or towel 
holders, lift controls, etc. must be within reach of an 
outstretched arm @-@. The layout of the WC, in 
particular, requires careful planning: assess how many 
doors, light switches etc. are needed. Consider technical 
aids (e.g. magnetic catches on doors and remote controls). 

Access paths to the building should be 1.20-2.00 m wide 
and be as short as possible. Ramps should ideally be 
straight, with a maximum incline of 5-7%, and should be no 
longer than 6 m (5). The ramp width between the handrails 
should be 1.20 m. Corridors should be at least 1.30 m 
(preferably 2.00m) wide; clear opening of doors, 0.95 m; 
height of light switches and electrical sockets, 1.00-1.05 m 
(use switches and control devices which have large buttons 
or surfaces). 

During urban planning, consideration should also be 
given to providing wheelchair users with easy access to 
general amenities such as supermarkets, restaurants, post 
offices, pharmacies, doctors' surgeries, car parks, public 
transport etc. 




© 


VDU workstation 


© 


At a window 



S->90—i 


£4->90—t 



(13) Door access with one door 




(15) with three doors 
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BUILDING FOR DISABLED PEOPLE 

Houses and Apartments 





© 




Annex for disabled person 
built onto existing house; 
ramps compensate for height 
differences 


Installation of an elevator 


Accessibility: In the rented residential sector, access via 
corridors is the most common layout. This enables large 
numbers of angles and corners to be avoided; a straight main 
corridor is preferable. The entrance area should be of an 
appropriate size, with shelves and coat hooks planned in. The 
minimum area of entrance halls is 1.50 x 1.50 m, and 1.70 x 1.60 
m for a porch with a single-leaf door. (It should be noted, 
however, that minimum recommended dimensions are often not 
very generous and in practice can prove to be too small.) For 
blind residents it is important to have an intercom system at the 
apartment door and the building's main entrance. 

Living area: Living rooms should allow adequate free 
movement for wheelchair users and have sufficient space for two 
or three more visitors' wheelchairs. For blind people, additional 
space should be provided for their literature and tape equipment: 
Braille books and newspapers are roughly three times bulkier 
than their printed equivalents. Single disabled people need more 
space than those in shared households. In apartments, 
recommended minimum areas for living rooms with a dining 
area are: 22 m 2 for one person; 24 m 2 for two to four people; 
26 m 2 for five; and 28 m 2 for six. The minimum room width is 
3.75 m for a one- or two-person home —> (5). 

If an additional study area is to be incorporated, the floor area 
must be increased by at least 2 m 2 . 

Kitchen: Ergonomic planning is of great importance in the 
kitchen to allow disabled people to utilise their capabilities to the 
full. The arrangement of the storage, preparation, cooking and 
washing areas should be convenient and streamlined. The 
cooker, main worksurface and taps should be placed as close 
together as possible. Storage spaces must be accessible to 
wheelchair users {i.e. no high cupboards). The reach of the arm 
is roughly 600 mm horizontally and between 400 and 1400mm 
vertically. The optimal working height must be adapted to suit 
each disabled person, within the range 750-900 mm, so it is 
desirable to have a simple adjustment mechanism. 

Single-family houses: The single-storey family house with 
garden is often the preferred form of residence for disabled 
people. Their requirements can be satisfied easily in this type of 
accommodation: i.e. no steps at the entrance and no difference in 
level between the individual rooms and the garden; rooms can be 
connected without doors and custom designed to best suit the 
residents. However, two-storey family houses can also be 
suitable, even for wheelchair users, if a suitable means of moving 
between floors (vertical elevator or stair lift) is incorporated. 

Multi-apartment dwellings: The grouping of apartments in 
multiple occupancy dwellings is a housing solution that offers 
disabled people an environment which is both sociable and 
supportive. In economic terms, it is rarely possible to convert 
ordinary apartments into adequate homes for the severely 
disabled, so they need to be included at the preliminary planning 
stage. It is once again preferable to situate apartments for 
disabled people at ground-floor level to avoid the necessity of 
installing lifts/elevators. 



including one disabled, two including one disabled, 

apartments per floor three apartments per floor 
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Conversions 
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One and two-room apartment 
prior to conversion (visually 
impaired, child) * (4) 




4 ) After conversion 




® Two-room apartment (54 m 2 ) 






Three-room apartment (95 m 2 ) 


The needs of disabled people are often not taken into account 
sufficiently in new building projects, so it is frequently necessary to 
convert existing residential units into appropriate apartments. 
Suitable buildings have a generous floor area and offer simple 
opportunities for alteration in accordance with the occupant's needs. 
The conversion measures required can include: alterations to the 
plan, including building work (which is limited by structural 
considerations, the type of construction and floor area); alterations to 
services, bathroom and kitchen fittings etc.; and supplementary 
measures, such as the installation of ramps, lifts and additional 
electrical equipment. Attention should also be paid to access from the 
street, any floor coverings which require changing and the creation of 
a car parking space with ample allowances for wheelchair users. The 
extent of the alterations depends on the degree of disability of the 
residents and the specific activity within the apartment. As a result, 
the conversion measures will often be specified in conjunction with 
the disabled person and tailored to his or her needs. 

Prior to commencing conversion work, the plan and structure of 
the existing apartment should be examined carefully. Ground floor 
apartments of an adequate size are particularly suitable because 
additional services (passing through the basement) can be installed 
more cheaply and entrance modifications are easier. 

Extent of the conversion work: Three groups of disabled people 
can be identified, each with corresponding requirements: 

• Disabled members of a family (husbands, wives, children) who 
go to work or school outside the home. Alterations in such 
cases relate to access to the house/apartment, furnishings and 
provision of sufficient freedom of movement in the living and 
sleeping areas, and specially adapted facilities in the 
bathroom/WC. 

• Disabled persons who carry out household tasks. Here, 
additional alterations must be made to the kitchen and 
elsewhere to simplify work in the home. 

• Severely disabled persons who are only partially independent, 
if at all, and thus require permanent care. Extra space must be 
provided for manoeuvring wheelchairs and facilities to aid the 
work of carers should be added. Note that self-propelled 
wheelchairs require most space. 

Comparison of sizes of living area: While apartments for the 
elderly are no larger in area than standard apartments (any changes 
consisting only of adjusting door widths and tailoring the functional 
areas), living areas for disabled people need to be increased 
appropriately, particularly for wheelchair users and the visually 
impaired. Regulations often require additional rooms in these 
apartments as well as a modified bathroom with WC for wheelchair 
users. 

Recommended values for habitable areas are: 45-50 m 2 for a one- 
person household; 50-55 m 2 for two people. 


apartment 

for disabled (m 2 ) 

standard (m 2 ) 

1 person studio 

49.99 

40.46 

2 person apartment 

67.69 

56.47 

3 person apartment 

94.80 

79.74 

4 person apartment 

95.26 

80.50 

1 person apartment 

53.70 

43.93 

3 person apartment 

101.17 

86.38 

4 person apartment 

103.23 

88.33 


J l) Example apartment areas before/after conversion 



(To) Four-room apartment (110 m 2 ) 











shower area 


>1 50 




© 


Movement area: shower 
and bath 


© Movement area around WC 
and wash basin 



BARRIER-FREE LIVING 

A functionally efficient and well-designed living space is of great 
importance to people with disabilities. To turn through 180° a 
wheelchair user requires 1500-1700 mm. This requirement sets the 
minimum sizes and circulation space of landings, rooms, garages 
etc. shown here. Entrances should not have a threshold or steps and 
revolving doors are not permitted. Doors should have at least 
900mm clear width. Bathroom/WC doors must open outwards. The 
minimum width for a landing is 1500mm, and landings of over 15m 
in length should include a circulation area 0800 x 1800 mm). All 
levels and facilities inside and outside a building must be accessible 
without negotiating steps; if necessary, include a lift -> ® or ramps 


tad □□ 


L 





wheelchair user 


( 5 ) Overlapping of movement areas in a bathroom 




^4© Space requirements: Space requirement beside 

wheelchair and movement vV bed for user and non-user 


bed for user and non-user of 
a wheelchair 



© Movement area in a 
two-side kitchen 


© “ 


Movement area in an 
shaped kitchen 






(13 


Lift car dimensions and 
movement area in front of 
the lift door 


© 


Space requirement in 
garages 


© Dimensions around the 

sink, oven and refrigerator W Dimensions in kitchens 


15 

Hh 


15 
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(l?) Section of ramp 
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(12) Halls and passages 

I--j 

£ 1 90 1 



15 


Movement areas in front 
of hinged doors and ... in front of s,idln 9 doors 
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RESIDENTIAL BUILDINGS 




l) Functional diagram 



® Functions in an old people's centre 



® One-person apartment 41 m 2 (V) 






OLD PEOPLE'S ACCOMMODATION 

Depending on the degree of support required, there are three 
main types of accommodation and care for the elderly: {1) old 
people's housing, (2) old people's homes and (3) nursing homes. 

in the United Kingdom, depending, inter alia, on type of 
dwelling and facilities provided, housing for elderly people can 
be classified into: category one housing, category two 
housing, sheltered housing, very sheltered housing, retirement 
housing, extra-care housing, residential care homes, nursing 
care homes, and dual registration homes. In the United States, 
although similar building types have been developed, the 
terminology differs. The building types that house elderly 
people in the United States can be described as independent 
retirement housing units, congregate housing, personal care 
housing, skilled nursing home, and life care communities. 

Old people's housing -> © - © consists of self-contained 
flats or apartments which cater for the needs of the elderly so 
that they can avoid moving into an old people's home for as 
long as possible. Such housing is usually scattered around 
residential areas, with a density of 2-10%. Flats for one person 
are 25-35m 2 ; for two people 45-55m 2 . Sheltered balconies 
>3 m 2 . 

Sheltered housing is generally a group of flats (each 
>20m 2 ) in one building, with common rooms and a tea 
kitchen. A good solution is to build these facilities close to a 
nursing home for the elderly which offers meals, leisure, 
recreation and various therapies. Provide one car parking 
space per 5-8 residents. Note that heating costs will be 2% 
higher than normal. 

Old people's homes offer residential care facilities and 
must conform to regulations on planning, licensing. The large 
amount of ancillary space required means the most economic 
size is about 120 places. Meals, entertainment and therapies 
are provided and an integrated nursing section for short-term 
care. General design features: stairs 16/30cm without open 
riser; edges of steps defined with a colour; handrails on both 
sides of stairs and in corridors; where necessary, lifts for 
moving patients on stretchers or in folding chairs. The 
buildings should all be adapted for the disabled and have 
open spaces with benches. 

Homes should be sited close to the infrastructure of a town 
or village and to public transport. The inclusion of a daycare 
centre should be considered to provide opportunities for 
people living independently to make contact and receive non- 
residential care (approximately one daycare centre is needed 
per 1600 elderly people). 



© 


Two-person apartment 56 m 2 
with conservatory 9m 2 


© 


Two-person apartment 55.5m 2 


© 


Ground floor of residential wing, old people's home and 
nursing home 
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One-bed nursing rooms (fa) Two-bed nursing rooms 
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integrated nursing home" 
for 36 residents 


® Part of a pilot project 





Architect: Pfleiderer 
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OLD PEOPLE'S ACCOMMODATION 

Nursing homes for the elderly provide care for people who 
are chronically ill and in need of medical attention. The 
residential area consists of a 50:50 split of single and double 
rooms -> © - ®. It must be clearly separated from the 
administration and office areas * (§). Residents are 
frequently split into groups consisting of 8-10 people, with 
a shared lounge and possibly a tea kitchen where meals 
may also be eaten -» ( 5 ). Provide one treatment room per 
two groups. 

Central facilities are best grouped together on ground 
floor. Rooms are required for administration, consultation, 
occupational therapy, physiotherapy, chiropody. In 
addition, rooms for entertainment, common rooms, 
cafeteria and hairdressing should be provided. 

Some key issues affecting design 

When considering building layout, measures will be 
required to reduce the risk of cross-infection. Changes in 
level are best avoided but if this is not possible, ramps must 
be provided inside and outside building. Circulation 
distances for residents should be kept to a minimum and all 
main routes will need handrails. Corridors must be wide 
enough to allow two people in wheelchairs or walking with 
frames to pass each other comfortably. 

Careful interior design is necessary. Doors must not 
restrict the residents' ability to get around; automatic 
opening may be required. Furniture and fittings must be 
suitable for older people. 

Consistent temperatures are required and contingency 
plans for providing heating in the event of power failures 
should be considered. The ability to control temperature 
and sunlight penetration, particularly in bedrooms and 
sitting rooms, is important to residents. Hot pipes and 
heaters must be protected: the maximum acceptable 
surface temperature is around 43°C. 

Hot water systems must be designed to resist infection 
such as that causing Legionnaire's disease. 
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staff apartments 


(fa) Ground floor, old people's home and nursing home 


Architect: K.H. Muth 
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RESIDENTIAL BUILDINGS 


OLD PEOPLE'S ACCOMMODATION 



group 

accommodation 



group 



accommodation 


(^) First floor -> © 



© 


Part of floor plan -> 0, (2) 



© 


Typical nursing unit -» (5), (6) 



1 entrance hall 

2 kiosk 

3 cafeteria 

4 reception 

5 sister's office 

6 club room 

7 library 

8 doctor 

9 common room 

10 single bedroom 

11 twin bedroom 


12 dining room 

13 kitchen 

14 staff dining room 

15 dining terrace 

16 physiotherapy pool 

17 lounge area 

18 pavilion with fountain 

19 gallery 

20 ventilation for 
physiotherapy pool 

21 veranda with beds 

22 dining room gallery 



Architect: A. Riege 


© 


Ground floor, old people's home in Muhlheim 


(IT) First floor —> (5) 
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LAUNDRIES 

The following figures may be used to estimate the amount of 
washing arising per week in kg of dry laundry: 

Domestic: approx. 3 kg/person 

(proportion for ironing approx. 40%) 

Hotels: approx. 20 kg/bed 

(bedclothes and hand towels changed daily) 

approx. 12-15 kg/bed 

(change of bedclothes 4 times/week) 

approx. 8-10 kg/bed 

(change of bedclothes 2-3 times/week) 

approx. 5 kg/bed 

(tourist hotel, change of bedclothes once/week) 
The values given include restaurants. 

Guest-houses: approx. 8kg/bed 

Restaurants: approx. 1.5-3.0 kg/seat 

The proportion of ironing is about 75% for hotels, guest-houses and 
restaurants. 

Old peoples' homes: Residential: approx. 3 kg/bed 

Nursing home: approx 8kg/bed 
Incontinent: approx. 25kg/bed 

Children's home: approx. 4kg/bed 

for babies: approx. 10-12kg/bed 

Medical nursing 

homes: approx. 4 kg/bed 

Incontinent: approx. 25kg/bed 

The proportion of ironing is about 60% for the above homes. 

Hospitals and clinics (up to about 200 beds): 

Genera! hospital: 12-15kg/bed 

Gynaecological/ 

maternity unit: approx. 16kg/bed 

Children's clinic: approx. 18kg/bed 

The proportion of ironing is about 70% for hospitals. 

Nursing staff: approx. 3.5 kg/person 

Required washing capacity = Amount of washing/week 

Washing days/week x 
number of washes/day 



Example calculations: 

1) Hotel with 80 beds; utilisation 60% = 48 beds 

Four changes of bedclothes/week and daily change of hand 
towels = approx. 12 kg/bed 

48 beds at 12 kg laundry = 576 kg/week 

Table and kitchen washing, approx. 74 kg/week 

650 kg/week 

Required washing capacity = **50 = 18.6kg per wash 


2) Hotel with 150 beds; utilisation 60% - 90 beds 

Daily changes of bedclothes and hand towels = 20kg/bed 
90 beds at 20 kg laundry = 1800 kg/week 

Table and kitchen washing, approx. 200 kg/week 

2000 kg/week 

Required washing capacity = = 57.1 kg per wash 

3x7 


3) 


Old people's and nursing home: 50 residential beds, 70 nursing 
beds 

70 nursing beds at 12kg clothes = 840kg/week 

(suspected of 
being infected) 

Required washing capacity = = 33.6kg per wash 

5x5 

50 old people's beds at 3kg laundry = 150 kg/week 

Table and kitchen washing, approx. 100 kg/week 

250 kg/week 
(not suspected of 
being infected) 


Required washing capacity 


250 

3x6 


= 8.3 kg per wash 
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S AND RESIDENTIAL DUILDINGS 


LAUNDRIES 




washing and spin 
drying 

drying 

ironing 

trolley 

soaking sink 

storage surface 

ironing board 
{portable) 



® + (D washers 
(?) dryers 

(4) ironing 

(?) + (?) sorting 
(?) + (?) pressing 

(5) place aside 
(JO) storage—► <?) 

(T) + (|) washers 
(?) + (?) dryers 
( 5 ) ironing 
(?) + (?) sorting 
(?) pressing 
(?) + © ironing, bench 
(Tj) repairs 
(T2) + (?) storage 
-® t © 



I I l« I 




Some laundries may have to be separated into 'clean' and 
'soiled' sections (e.g. in hospitals), each with its own entry 
point -4 + ®. 

On the soiled side, the floors, walls and surfaces of all 
installed equipment must be suitable for wet cleaning and 
disinfection. 

Walkways between the soiled and clean areas should be 
designed as personnel air-lock systems with facilities for 
hand disinfection and space for protective clothing. The 
doors in the air-lock system must be linked such that only 
one door can be opened at a time. 


men's clothing 

weight 

9 

shirt 

170 

vest 

light 

100 


heavy 

150 

underwear 

briefs 

75 


boxer 

180 

pyjamas 

450 

handkerchief 

20 

socks (pair) 

70 

women's clothing 

blouse 

140 

underwear sets 

140 

petticoat 

75 

pyjamas 

350 

nightdress 

170 

handkerchief 

10 

apron 

170 

smock 

130 

children's clothing 

dress 

110 

underwear 

80 

jacket, pullover 

75 

bib 

25 

handkerchief 

15 

socks (pair) 

70 

tights 

100 


for swimming 

weight 

9 

beach/bathrobe 

900 

bath towel 

100 x 200 

800 

beach towel 

67 x 140 

400 

hand towel 

50 x 100 

200 

swimming trunks 

100 

swimming costume 1-piece 

260 

__ 

2-piece 

200 

bedclothes 

duvet cover 

160 x 200 

850 

sheet 

150 x 250 

670 

top sheet 

140 x 230 

600 

pillow case 

00 

0 

X 

00 

0 

200 

table and kitchen linen 

tablecloth 

125 x 160 

370 

table cover 

125 x 400 

1000 

serviette 

70 x 70 

80 

hand towel 

0 

to 

0 

100 

dish towel 

60 x 60 

100 

working clothes 

working suit 

1200 

dungarees 

800 

apron 

200 

men's overalls 

500 

women's overalls 

400 


Ij Average weight of clothes items 
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Laundry in an old people's home 
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SCHOOLS 


General guidelines 


Secondary schools (with no 6th form) 


e.g. 2 or 3 classes per year 
10 (12) or 15 (18) classrooms 
1 extra-large classroom {can be divided) 
3 classrooms for special courses 


each 65-70 m 2 
85 m2 
40-45 m 2 


-75 m 2 
-75 m 2 

-75 m 2 
-75 m 2 
-75 m 2 


Science rooms 

1 or 2 for demonstrations & practicals, or each 70 
1 for physics demonstrations & practicals 70- 

1 for chemistry and biology demonstrations 
& practicals, or 70 

1 for chemistry demonstrations & practicals 70- 

1 for biology demonstrations & practicals 70- 

1 or 2 preparation rooms, plus 
rooms for collections and materials,or each 40m 2 

1 preparation room for physics and chemistry 
(also used for collections and materials),or 30- 
1 physics preparation room 30- 

1 chemistry preparation room 

1 biology preparation room 30-: 


1 or 2 science rooms 
1 room for photography 


each 30- 
20 - 


35 m 2 
35 m 2 
20 m 2 
35 m 2 
•35 m 2 
•25 m 2 


Domestic science 
1 kitchen 

1 classroom/dining room 
rooms for provisions, materials and 
household appliances 
1 washroom/changing room 


70-75 m 2 
30-40 m 2 

30-40 m 2 
15-20m 2 


Art, crafts and textiles 
1 drawing studio (arts and crafts) 

1 or 2 rooms for technical crafts 
1 or 2 rooms for materials 
1 washroom/changing room total of approx. 
1 room for textile design 
3 rooms for teaching materials 
1 music room 

1 storeroom (instruments, music, stands) 


180-220 m 2 
70-75 m 2 
each 10-15 m 2 
65-70 m 2 
15-20 m 2 


Language lab 

1 room for language teaching system 
1 room for materials and equipment 

1 room for library and magazines 


80-85m 2 
10-15m 2 

60-65 m 2 


or 70-75 m 2 

1 room for pupils' committee 15-20m 2 

1 recreation room (to accommodate a maximum 
of half the total no. of pupils at 1 m 2 /pupil) 


Administration 

1 staffroom (meeting room) 80-85m 2 

1 staff study (staff library) 100-105m 2 

(or can be combined) 

1 office for headteacher 20/25 m 2 

1 office for deputy head 20-25 m 2 

1 office 15-20m 2 

1 room for meeting parents, doubles as sickroom 20-25m 2 

1 caretaker's room (also for milk distribution) 20-25 m 2 


Sport 

Gymnasium (per 10-15 classes) 

1 exercise area of 15 x 27 m 

Sports grounds according to requirements 


Secondary school (with 6th form) 


e.g. 2 classes per year 
18 classrooms: 

12 classrooms 65-70m 2 

6 classrooms (upper level) 50m 2 

5 classrooms: 

2 supplementary classrooms 65-70 m 2 

3 supplementary classrooms 50 m 2 

1 extra-large classroom (history, geography) 

1 room for social sciences 50m 2 


Science rooms 
Physics and biology 
1 classroom 

1 room each for collections and materials 
1 room each for preparation 
1 room each for demonstrations & practicals 
Chemistry 

1 room for theory and practical work 
1 room for preparation 

1 room for collections and materials 

2 rooms for science groups 
1 room for photography 


each 55-60 m 2 
30-35m 2 
30-35 m 2 
70-75 m 2 

80-85m 2 
30-35m 2 
30-35 m 2 
each 30-35 m 2 
20-25m 2 


Domestic science 
1 kitchen 

1 classroom/dining room 
Rooms for provisions, materials and 
household appliances 
1 washroom/changing room 


70-75 m 2 
30-40m 2 

30-40m 2 
15-20 m 2 


Art 

1 drawing studio 

2 rooms for crafts 

2 rooms for materials 
1 washroom/changing room 
1 room for textile design 
1 music room 
1 storeroom 


80-85 m 2 
60-65m 2 
each 20-25 m 2 
15-20 m 2 
70-75 m 2 
65-70 m 2 
15-20 m 2 


Language lab 

1 room for language teaching system 
1 room for materials and equipment 
3 rooms for teaching materials 


80-85 m 2 
10-15 m 2 
each 10-15 m 2 


1 room for school library 70-75m 2 

1 room for pupils* committee 15-20m 2 

1 recreation room to accommodate a maximum 
of half the total no. of pupils at 1 m 2 /pupil) 


Administration 

1 staffroom (meeting room) 80-85m 2 

1 staff study (staff library) 100-105 m 2 

(or can be combined) 

1 office for headteacher 20-25 m 2 

1 office for deputy head 20-25 m 2 

1 office 15-20m 2 

1 room for meeting parents (doubles as sickroom) 20-25m 2 

1 caretaker's room (also for milk distribution) 20-25m 2 


Sport 

Gymnasium (per 10-15 classes or part of) 

1 exercise area of 15 x 27 m 

Sports ground according to requirements 
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MSKMICH FACILITIES 



SCHOOLS 



boys 


pap Mool 


(e.g. for 100 boys, 15m 2 ) 


© 


Lesson-time 


TO 

girls Z_._© 


Op 

c. 


{e.g. for 100 girls, 15m 2 > 

^ 2 ^ Lesson-time 


WCs 



(e.g. for 250 girls, 40m 2 and 250 boys, 40m 2 ) 

® Break-time WC facilities 


X7 X7 I 


OJ 


(e.g. for 30 teachers, 
15m 2 ) 

® WCs for male 
staff 


ni 

L 



(e.g. for 20 teachers, 
10m 2 ) 

( 5 ) WCs for 

female staff 


(Note: for larger complexes decentralised facilities should 
be provided.) 

(©') Double-range facilities for 500 girls, 65 m 2 ; 
for 500 boys, 40 m 2 




option: either divided into 6 standard classrooms and staffroom or as open-plan 
teaching space 

© Teaching area with desks for 180 pupils 550 m 2 


in 05 
V C 
.V T5 



CD CC 

co cc 


® 



SB .•-. 7 RR 

material 

1 ‘and | 1 

i; ° 

equip- 
. ment 

i ,;i . . 

> 


LT lab ■ ;.9) 

33 pupils at desks, 
65m 2 (approx. 
2.0m 2 /piace) 
including ancillary 
spaces 95 m 2 . 

LTRIab -oo) 

23 places in booths, 
65m 2 (approx. 
2.8m 2 /place) 
including ancillary 
spaces 95 m 2 


(LT = listen and talk) 



Language lab 


Language lab 


Cloakroom facilities can be decentralised by allocating 
space outside the classrooms but directly linked to them. 
The number of toilets, urinals and wash-basins required, 
based on total number of pupils and separated according 
to sex, should be as set out in the local school building 
guidelines (e.g. -> (Q)). Sanitary installations with direct 
daylight and ventilation are preferable, and there must be 
separate entrances for boys and girls. Examples of 
different toilet facilities for schools are shown in © -(g). 

Horizontal and vertical circulation usually doubles as 
an emergency escape route. Escape routes must have a 
clear width of min. 1 m/150 people, but min. width of 
corridors in classroom areas is 2.00m or 1.25m for less 
than 180 people. Stairs in classroom areas must be 
1.25 m, other escape routes 1.00 m. Max. length of escape 
routes: 25m measured in a straight line from the stairwell 
door to the furthest workplace, or 30m in an indirect line 
to the centre of the room. Capacity of stairs is dependent 
on number of users, average occupancy, etc. Width of 
stairs: 0.80m/100 people (minimum 1.25m, max. 2.50m). 
Alternatively: 0.10m/15 people. (Only the top floor is 
calculated at 100% occupancy, remaining floors at 50%.) 

General-purpose teaching area includes standard 
classrooms, supplementary classrooms, extra-large 
classrooms, rooms for special courses, rooms for 
teaching languages and social studies, language labs, 
rooms for teaching material, maps and other ancillary 
rooms. 

Space requirements: classroom for traditional teaching 
2.00m 2 /pupil; for teaching in sets 3.00m 2 /pupii, for open 
plan teaching 4,50m 2 /place including ancillary areas 
needed for each subject. 

Standard room shape: rectangular or square (12x20, 
12x16, 12x12, 12x10); with a max. room depth of 7.20m 
it is possible to have windows on one side only. (7) 

Floor areas are: traditional classroom, 1.80-2.00m 2 / 
pupil; open plan 3.00-5.00m 2 /pupil. The clear height 
should be 2.70-3.40m. 

Language tabs should be within or directly related to 
the general-purpose teaching area, and close to media 
centre and library. Approximately 30 language lab. places 
per 1000 pupils will be needed -> (9) - The size of LT 
(listen/talk) and LSR (listen/talk/record) labs is approx. 
80m 2 : booths 1x2m, number of places/lab. 24-30, i.e. 
48-60m 2 , plus ancillary spaces (e.g. studio, recording 
room, archive for teachers' and pupils' tapes). Artificially- 
lit internal language labs with an environmental control 
system are also possible. 


Term 

design 

segregated 

boys/girls 

position 

use 

miscellaneous 

Class 

WC 

sanitary 
inst. with 
lobby 

no 

next to a 
classroom 

during 

lessons 

for pre-school or 

kindergarten 

poss. 2 WCs and lobby 

Lesson sanitary 
WC installation 

yes 

accessible 
from corridor 
or lobby 

several 

classes 

during 

lessons 

from each classroom 
withouta WC the max. 
distance (incl staircase) 
from a lesson WC should 
be 40 m 

Break 

WC 

sanitary 

installation 

yes 

accessible for classes 

from schoolyard during 
or entrance lobby breaks 

WC at ground floor level, 
on perimeter of building, 
accessible from areas used 
during breaks 

Staff 

WC 

sanitary segregated 
installation women/ 
men 

part of the staff 
or office area 

during 

breaks 

possibly linked to staff 
cloakroom 


© 


Recommended WC facilities 
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1 for practicals 3 classroom 5 extra practical room 

2 for practicals & teaching 4 preparation and collections 6 assembly room 



'12 places ~95m 2 ~40m 2 '30 places ~100m 2 

© Rooms and areas for technical subjects, economics, music and 

art -,®-® 




SCHOOLS 

Science area includes rooms for teaching of theory and 
practice, practicals, preparation and collections, 
photographic studios and labs. Classrooms for biology, 
physics and chemistry 2.50m 2 /place. For lectures and 
demonstrations in practical work 4.50m 2 /place including 
special-purpose ancillary space but not including ancillary 
rooms. 

Room sizes for demonstrations and practicals in 
chemistry and biology, physics, or combinations should be 
70-80m 2 -► ®. Ideally, for physics, biology and chemistry 
lectures {possibly including demonstrations) 60m 2 is 
needed, with fixed raked seating. Second entrance/exit. 
Possibility of internal classroom with artificial lighting. 

Room for practical work, group work in biology and 
physics and as well as interdisciplinary work, space 
divisible into smaller units. 80m 2 per individual room or 
space. 

Rooms for preparation, collections and materials for 
individual subjects or combinations of subjects. Total of 
30-40 or 70 m 2 depending on the size of the school and the 
science area. Internal rooms with artificial light allowable. 

Rooms for photographic work and photographic labs are 
best associated with the science rooms. Ideally, they should 
be in the form of a studio, with a lobby between the lab and 
teaching area. Dark room with areas for printing {1 
enlarging table for 2-3 pupils, combined with wet¬ 
processing places), for developing negatives and rooms or 
area for loading film. 

Position of rooms: best north-facing with constant room 
temperature. Space required depends on number of pupils, 
generally 6-14 pupils per group, at least 3-4m 2 per 
workplace. Type of photo lab depends on areas and sizes: 

• one-room lab 20-30m 2 , minimum size with separate 
bay of 1.50-2.0m 2 for loading film. 

• two-room lab 30-40m 2 , consisting of lit room, light 
lock and dark room {positive and negative work), film¬ 
loading room 2m 2 . 

• three-room lab, printing room, lit room with 
necessary light locks, light locks 1-2m 2 without 
furniture, dark room lamps only. 

For exhibitions, etc. shared use of other rooms is possible. 




© 


Areas for economics of technology, office technology, technical 
drawing and crafts, total of 350 places, 1600m 2 
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SCHOOLS 




1 multi-purpose room 

2 audio booths 

3 office 

4 central catalogue 

5 newspapers, 
magazines 

6 group area 

7 individual places 

8 typing booths 

9 information, 
lending desk 

10 lecture room 

11 audiovis. studio 

12 racks 

13 free access 

14 photocopier 

15 cfoakroom, lockers 


© 



© 


Example of school library/media centre 






packaging 


© 


Organisation of space and functions in school kitchen 


Library, media centre and central amenities: 

Purpose: information centre for classwork, further 
education and leisure and may be used by pupils, teachers 
and non-school users. 

Library includes a conventional school library for pupils 
and teachers with books and magazines, lending facilities, 
reading and work places. The media centre is an extension 
of the library with recording and playback facilities for 
radio, film, TV, i.e. audio-visual equipment and a 
corresponding stock of software, microfilm and microfiche 
facilities. 

Standard space requirement overall: library/media 
centre 0.35-0.55 m 2 /pupil. Broken down into: 

• book issues and returns, 5m 2 per workplace, and 
catalogue space of 20~40m 2 

• information: librarian, media advisor, media 
technician, etc. 10-20m 2 per person 

Compact book storage in 1000 volume stacks at 20-30 
volumes/metre run of shelving. Free access bookcase 
approx. 4m 2 including circulation space, reading places 
and catalogues. For 1000 volumes reference books 
20-40 m 2 , study area generally per 1000 volumes 
reference books 25 m 2 for 5% of the pupils/teachers, but at 
least 30 study spaces at 2m 2 each, i.e. 60 m 2 carrels 
2.5-3.0m 2 . Room for work in groups of 8-10, 20m 2 

For kitchen and ancillary rooms, the size and equipment 
specification depends on the catering system. Table service 
for food and table clearing for young children (portions 
possibly served by teacher), otherwise self-service (e.g. 
from conveyer belt, counter, cafeteria line or free-flow 
system). Distribution capacity of 5-15 meals/minute or 
250-1000/ hour, variable staffing levels. Space required for 
distribution systems 40-60m 2 . Dining room size depends 
on number of pupils and number of sittings, min. of 
1.20-1.40m 2 per place. Larger spaces should be divided up. 
For every 40 places, 1 wash-basin in the entrance area 
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corridor 


Architect: Yorke, Rosenberg, Mardall 


Example of school library/media centre. Classroom lit and ventilated 
from two sides via cloakroom and corridor. Corridor opens out every 
second classroom with a room for teaching materials 



outside 
class space 



classroom 
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^ handicrafts room 







corridor 


SCHOOLS 

Primary schools 

Classrooms: one classroom per class, square if possible, in 
exceptional cases rectangular, max. 32 pupils, min. of 
65-70m 2 (approx. 2.00m 2 x 2.20m 2 per pupil) if possible 
daylit on two sides -* (3) + (6). Furniture either in rows or 
informally arranged. 

Front of class: chalkboard with sliding panels, projection 
space, socket for TV, radio, tape recorder, etc., wash-basin 
near entrance. Provision for hanging maps. Facility to black 
out windows. Group rooms divided into separate 
workspaces to accommodate mixed ability classes only in 
special cases. 

Alternatives to individual classes and group rooms: 2-3 
classrooms joined together to make teaching spaces for 
discussions between pupils and teachers, or lessons in 
larger groups; can also be divided by partitions. Draught- 
excluding lobbies and entrance areas also connect to 
horizontal and vertical circulation (corridors, stairs, ramps) 
and can be used during breaks (0.50m 2 /pupil). Multi-use 
area for parties, play or exhibitions. 

Room for teaching materials 12-15m 2 : centrally 
positioned, part of the staff area or in a multi-purpose room. 


© 


Example of joining classroom, outside 
classroom space and hobby room 


Architect: Neutra 



Architect: Carbonara 

"3^) Saw-tooth layout, risk of disturbance between rooms 



Architect: Carbonara 



Classroom with daylight from high window, but no window at 
the back. Corridor opens out in front of each classroom with 
cloakroom and store room 




Four classrooms/floor with daylight from two sides, extended 
on one side for group teaching 




covered access 


Architect: Gottwaid, Weber 


© 


Hexagonal classrooms and internal triangular handicrafts room 
with no windows 


Hexagonal classrooms with no corridor, access through 
cloakroom, lobby 
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Schoolroom without walls 


© 


Divided by movable 
cupboard-walls 







suspen¬ 

ded 

ceiling 

_ 

dividing 

wall 





(J) F,oor and c ©'ltng (IT) ceiling void for services 

connections for partitions 


SCHOOLS 

Open-plan 

Nowadays, it is often considered normal for offices to be 
open plan. This sometimes influences school architecture. 
The two have similar requirements regarding size of room, 
lighting, ventilation, acoustics, floor and ceiling finishes, 
furniture, and colour. 

Main advantage: flexibility -» (T) + (2). Team teaching in 
groups of up to TOO pupils. Space per pupil (not inch core) 
3.4 m 2 -4m 2 . 

The later addition of partitions should be possible * ®. 
There are many US examples. German model example: 
Tannenberg School, Seeheim ( 3 ). However, vertical 
drainpipes and service ducts, etc. are a problem because of 
the need to fix sound-insulating partitions -» Ceiling 
panels should be removable so that services in the ceiling 
void are accessible -> (§). 

Large groups of 40-50 pupils, divided into medium-sized 
groups of 25-26 pupils, small groups of 10 pupils » (3). 

Planning grid 1.20 x 1.20m throughout; clear room 
height 3m. Movable partitions which can be taken down 
provide a solution for the transition from old fixed 
classrooms to open plan -> Also, building forms which 
create small spaces ® + (2) and -> (6) - ®. Examples of 
seating arrangement for watching films, slides etc -> (9)- ®. 

Educational experts maintain that, during conscious 
learning, people best retain information that they have 
obtained themselves, more precisely: 

10% of what they read; 

20% of what they hear; 

30% of what they see; 

50% of what they hear and see; 

70% of what they say themselves; and 

90% of what they do themselves involving their own actions. 



© Seating arrangement for 80 pupils (over 10 years old) for film, An\ 

........ UOJ for 117 pupils over 10 years old 

slide and overhead projection — 
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FURTHER EDUCATION COLLEGES 



Technical colleges and colleges of further education 

The type of college depends on regional and local factors, 
so that it is not really possible to give absolute sizes for 
systems. The figures cover both part-time and full-time 
students; as an approximate guidelines, and depending on 
the area served, there are 2000-6000 pupils per 
60000-150000 inhabitants. Owing to the large catchment 
areas, the schools should be well served by public 
transport. Site: at least 10m 2 per part-time student and at 
least 25m 2 per full-time student of college site area, as far 
as possible free of pollution from noise, smoke, odour and 
dust. Ensure a good-shaped site and the possibility for 
extension. Arrangement on the site, type of construction 
and building design depend on the sizes of the spaces that 
can be accommodated on several levels (classrooms for 
general subjects, specialist subjects, administration) and 
those which cannot - areas for non-academic work, e.g. 
workshops or sports areas. College buildings are, as a rule, 
2-3 storeys, higher only in exceptional cases. Workshop 
buildings with heavy machines or frequent deliveries are 
single storey only. 

Access: entrance area and foyer with central facilities 
used as circulation space connecting horizontal and vertical 
movement as in general school centres or comprehensive 
schools. Teaching areas divided according to type of 
teaching and their space requirements. General-purpose 
teaching areas occupy 10-20% of the space. General 
classrooms as normal with 50-60m 2 , small classrooms 
45-50m 2 , oversize classrooms 85 m 2 , possibly open-plan 
classrooms doubling as a film or lecture hall of 100-200m 2 . 

Building requirements, furnishings and fittings basically 
the same as for general school centres and comprehensive 
schools. An assembly room of 20m 2 per 5 normal classes. 
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faculty extension 
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Schematic layout of university facilities 


COLLEGES AND UNIVERSITIES 
Lecture Theatres 

Central facilities 

Main lecture theatre, ceremonial hail, administration, 
dean's office, students' union building. Also libraries, 
refectories, sports facilities, halls of residence, parking. 

Technical facilities for central services supply. 

Boiler room, services supply. 

Subject-specific teaching and research facilities. 

Basic facilities for all subjects: 

Lecture theatres for basic and special lectures, seminar 
and group rooms (some with PC workstations) for in-depth 
work. Departmental libraries, study rooms for academic 
staff, meeting rooms, exam rooms, etc. 0. 

Subject-specific room requirements: 

Humanities: no particular requirements. 

Technical/artistic subjects, e.g. architecture, art, music, 
etc.: rooms for drawing, studios, workshops, rehearsal and 
assembly rooms of all kinds. 

Technical/scientific subjects, e.g. civil engineering, 
physics, mechanical engineering, electrical engineering: 
drawing studios, labs, workshops, industrial halls and labs. 

Scientific and medical subjects, e.g. chemistry, biology, 
anatomy, physiology, hygiene, pathology, etc.: labs with 
adjoining function rooms, workshops, rooms for keeping 
animals and for long-term experiments. 




© 


Drawing for calculating view curve 



3 ) Long section of a lecture theatre 





© 


Lecture theatre with demonstration table (medical) 
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COLLEGES AND UNIVERSITIES 

Lecture Theatres 

It is preferable to group larger lecture theatres for central 
lectures in separate complexes. Smaller lecture theatres for 
lectures on specialist subjects are better in the individual 
department and institute buildings. Access to the lecture theatre 
is separated from the research facilities, with short routes and 
entrances from outside at the back of the lecture hall; for raked 
seating entrances can be behind the top row and larger theatres 
can also have them in the centre on each side * ^ + v 6\ 
Lecturers enter at the front, from the preparation room, from 
where equipment carrying the experimental animals can also be 
trollied into the lecture theatre. 

Usual sizes for lecture theatres: 100, 150, 200, 300, 400, 600, 
800 seats. Theatres with up to 200 seats have a ceiling height of 
3.50m and are integrated into the departmental buildings, if 
larger they are better in a separate building. 

• Lecture theatres for subjects involving writing on 
chalkboards and projection have seating on shallow rake 

*p. 315® 

• Demonstration lecture theatres for science subjects have 
experiment benches and seating steeply raked .* p. 315 ^ 

• Medical demonstration lecture theatres, 'anatomy 
theatres', have steeply raked seating * p. 315 ^ 



© 400-seat, trapezoidal lecture theatre 




(7) Rectangular plan 



(IT) Trapezoidal plan 


© 800-seat lecture theatre 



© 200-seat theology lecture theatre at the University of Tubingen 
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COLLEGES AND UNIVERSITIES 

Lecture Theatres 




Physics lecture theatre with double walling to prevent sound 
and vibration travelling 


1 main lecture 
theatre 

2 projector 

3 lecture hall 

4 senate room 

5 cloakroom 



III 111 
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(J) Typical floor 



MmEmM 




entrance hail and two-storey main lecture theatre; rc ltect - c we,zer 

typical floor with seminar rooms and administration offices 

(^) Ground floor of the theological college at the University of Freiburg 




1 lecture theatre 

2 preparation 
room for 
lecture theatre 

3 entrance 


(IT) Teaching building at Dusseldorf 


Architect: Pfau 



1 lecture theatre 

2 projection room 

3 cloakroom 






Architect: Brdek + Bakema 


Lecture theatre at the TH Delft 


& 

Architect: Steiner + Gehry 

(7) Lecture theatre at the ETH Honggerberg in Zurich 




































EDUCATIONAL AND RESEARCH FACILITIES 


COLLEGES AND UNIVERSITIES 

Lecture Theatres 



seats 




(V) Lecture theatre seating (^) Ventilation via desks/air 

V '—^ circulation 



plan (l) large projector 

(2) diascope 

(3) Paradouit color 
Prado 

(4^) 8 mm film 




7) Projector room 


Seating in lecture theatres: combined units of tip-up or 
swing seats, backrest and writing ledge (with shelf or hook 
for folders), usually fixed >©-(3). 

Seating arrangement depending on subject, number of 
students and teaching method: slide lectures, electro¬ 
acoustic systems on a gentle rake; surgery, internal 
medicine, physics on a steep rake. View curve calculated 
using graphic or analytic methods > ©-(§). 

Amount of space per student depends on the type of 
seat, depth of writing shelf and rake of floor. 

Amount of space per student: for seating in comfort 
70x65cm; and on average 60x80 = 55x75cm. 0.60m 2 
needed per student including all spaces in larger lecture 
theatres under the most cramped conditions; in smaller 
lecture theatres and in average comfort 0.80-0.95 m 2 . (Cont. 
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© Seminar rooms, variable seating arrangements 
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(?) Basic offices furnishings 
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Arrangement of reading places and bookshelves 



: 





reading space 


© 


Arrangement of reading places and bookshelves 


Experiment benches suitable for laboratory work should, if 
possible, be interchangeable units on castors and must be 
provided with a power point. 

Projection screens and boards can be designed as a 
segmented, curved wall or simply fixed to a flat end-wall. 
Wall blackboards are usually made up of several sections 
which can be moved up and down manually or 
mechanically. They can be designed to drop down beneath 
the projection area. Blackboards on wheels can also be 
considered. 

Acoustics and lighting 

Sound should reach each member of the audience with 
equal amplitude without any echo. Suspended ceilings for 
reflection and absorption. Rear walls lined with sound- 
absorbent material, other walls smooth. Light level in a 
windowless lecture theatre: 600lx. 

Related additional spaces 

Each lecture theatre should have an ancillary room, with no 
fixed function which can also be used for storage. In lecture 
theatres where animal experiments are performed 
sufficient space for preparation should be provided. It 
should be on the same level and close to the stage. 
Standard minimum size for a rectangular shaped lecture 
theatre: 0.2-0.25 m 2 /seat; for trapezoidal shape: 

0.15-0.18m 2 /seat. For scientific and pre-clinical lectures: 
0.2-0.3m 2 /seat. 

Spaces for storage and service rooms are essential for 
the proper running of a lecture theatre complex: a service 
room for the technical staff servicing the equipment in the 
lecture theatres, a service room for cleaners, storeroom for 
spare parts, light bulbs, fluorescent-light tubes, 
chalkboards, clothes, etc. Minimum room size 15m 2 , overall 
space requirement for ancillary rooms at least 50-60m 2 . 

Clothes lockers and WCs: rough estimate for both 
together 0.15-0.16m 2 /seat as a guideline. 

Basic room requirement for all subjects 

General-purpose seminar rooms usually have 20, 40, 50 or 
60 seats, with movable double desks {width 1.20, depth 
0.60); space required per student 1.90-2.00m ©. 

Different arrangements of desks for lectures, group 
work, colloquiums, language labs, PCs, labs and meeting 
rooms have the same space requirements ©. 

Offices for academic staff: 

Professor 20-24 m 2 -> @ A 
Lecturer 15 m 2 -> © B 
Assistants 20m 2 @ C 

Typists 15 m 2 (if shared by two typists 20 m 2 ) -^ © D 
Departmental (open shelf) libraries: 

Capacity for 30000-200000 books on open shelves 

Book space: -> ® 

Bookcases with 6-7 shelves, 2m high (reach height) 
Distance between bookcases 1.50-1.60 m 
Space required 1.0-1.2 m 2 /200 books 

Reading spaces: @ 

Width 0.9-1.0 m/depth 0.8 m 
Space required 2.4-2.5 m 2 per space 

Control counter at entrance with locker for personal 
property, catalogue and photocopying rooms. 
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DRAWING STUDIOS 




drawing tube drawings 

table cabinet cabinet 


© Work surface 



AO 92 x 127 
A1 65 x 90 
A2 47 x 63 
A3 37 x 44 


© 


Light for writing coming 
from behind left, and for 
drawing from the front left 



© 


Adjustable drawing table 


4) Drawing board sizes 



i—57-70-+ 44-| 
(fiT) Section -> ® 


Various space requirements for technical subjects, 
including architecture, and art academies (painting and 
modelling rooms).->0-@ 

Basic equipment 

Drawing table of dimensions suitable for AO size 
(92x127cm); fixed or adjustable board -»(2), ©-(7). Drawings 
cabinet for storing drawings flat, of same height as drawing 
table, surface can also be used to put things on -» ©. A small 
cupboard on castors for drawing materials, possibly with 
filing cabinet, is desirable -> (2) + @ Adjustable-height 
swivel chair on castors. Drawing tables, upright board, 
adjustable height or usable as flat board when folded down 
-> ©-©. Further accessories: table top for putting things on, 
drawing cabinets for hanging drawings or storing flat, 
suitable for AO at least -> Each workplace should have 

a locker. 

Drawing studios 

Each space requires 3.5-4.5m 2 , depending on size of 
drawing table -> (j). 

Natural lighting is preferable and so a north-facing 
studio is best to receive even daylight. For right-handed 
people it is best if illumination comes from the left -> ®. 
Artificial light should be at 500lx, with 1000lx (from 
mounted drawing lamps or linear lamps hung in variable 
positions above the long axis of the table) at the drawing 
surface. 

Rooms for life drawing, painting and modelling: 
Accommodated if possible in the attic facing north with 
large windows (V3-V4 of floor space) and, if necessary, 
additional top lights. 

Rooms for sculptors and potters 

Large space for technical equipment such as potters' 
wheels, kilns and pieces of work, also storeroom, plaster 
room, damp room, etc. 



@ Section -> (12) 


Adjustable angle desk and 
drawing table 
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LABORATORIES 




h80+- 1 60 -f80( 


corridor 




special purpose and ancillary rooms 


Laboratories differ according to type of use and discipline. 

According to use: 

Laboratories for teaching and practical, comprising a large 
number of workstations, usually with simple basic 
equipment. -> (3) Research labs are usually in smaller spaces 
with special equipment and additional rooms for activities 
such as weighing and measuring, centrifuges and 
autoclaves, washing up, climatised and cold storage rooms 
with constant temperature, photographic rooms/dark 
rooms, etc. -> (2). 

According to subject: 

Chemistry and biology labs with fixed benches. Rooms 
have frequent air exchange, often additional fume 
cupboards (digestors) for work which produces gas or 
smoke. Digestors often in separate rooms. Physics labs 
mainly with movable benches and a range of electrical 
installations in trunking in the wall or suspended from the 
ceiling; few air changes. Special labs for specific 
requirements, e.g. isotope labs for work with radioactive 
substance in differing safety categories. Clean-room labs 
-» @ for work needing dust-free filtered air, e.g. in the field 
of microelectronics or for particularly dangerous 
substances, which should be prevented from entering 
surrounding rooms by separate air circulation and filtering 
systems {microbiology, genetic engineering, safety levels 
L1-L4). 




Lab safety level 3 

1 warning sign 

2 double-door safety lobby, self-closing 
doors 

3 outdoor clothing 

4 protective clothing 

5 floor trough (pos. disinfectant mat) in 
front of shower 

6 hand wash basin with disinfectant 
dispenser 

7 workbench (clean bench) with separate 
special filter 

8 extractor 

9 autoclave (in lab or building) 

11 flat panel radiator (7.5 cm from wall) 

12 control and monitoring cupboard: 
electricity box, emergency mains off- 
switch, error board 

13 pressure difference display readable from 
inside and out with acoustic alarm 

14 emergency telephone, telephone 

15 two-way intercom, electric door-opener 

16 windows: gas-tight, non-combustible, 
leaded 

17 pass-door: fireproof 



Lab safety level 4 

2 three-chamber safety lobby. Doors 
self-closing and gas-tight 
5 personal snower (L-3 system can be 
upgraded*). Collect and disinfect 
waste water 

7 gas-tight, enclosed workbench, 
separate air supply and extraction, 
additional special filter 
9 autoclave with lockable doors on 
both sides, disinfect condensation 
10 flood lock 

18 autoclavable container for used 
protective clothing 

*} Only required if upgrading to L-4 lab. 


1 

2 

3 

4 

5 



fume cupboards 6 workstation for 10 hand-held fire 13 ventilation and 

workbenches chemist extinguisher environmental 

reserves 7 corridor 11 vertical energy control system 

dry work places 8 materials cupboards supply 
weighing tables 9 eye douche 12 overhead pipes 


© 


BASF plastics laboratory: section 
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LABORATORIES 




3 126 . 3 125 ; 3 125 . 3 125 


© 


Room dimensions derive from bench size (size of workstation). 
Services and cupboards in corridor wall. Separate weighing 


room. 



3 75 , 3 75 t 7 50 f 7 50 

14 00 ) (4 00 ) (3 00 ) (8 00 ) 

Architects. Sehlempp t Schwethetm 


© 


Uniform labs with measuring and weighing rooms in front of 
them (University clinic in Frankfurt/Main) 



© 


Laboratory equipment in 
main science lab 
(Bayer AG dye factory) 


© 


Arrangement of walk-in 
ducts (BASF) 



© 


Chemistry bench 


Unserviced work rooms are also part of the lab area: 

Study cells, service rooms for lab. personnel. Also 
central rooms such as general storerooms, chemicals stores 
and supplies with special protective equipment, isotope 
stores with cooling containers, etc. Experimental animals 
are kept in a special location. Particular kinds of equipment 
are needed, depending on the type of animal and they have 
differing requirements for separate air circulation. 

Lab workstation 

The bench, fixed or movable, is the module which 
determines the lab workstation; its measurements, 
including work space and passage space, form the so-called 
lab axis, the basic spatial unit. Normal measurements for 
standard workbench: 120cm width for practicals, several 
times this for a research lab, 80cm depth of work surface 
including energy conduit . (5) -- v 6". 

Benches and fume cupboards are usually part of a 
modular system, width of elements 120cm, fume 
cupboards 120 and 180cm * (7). The conduit carries all the 
supply systems; benches and low cupboard are placed in 
front of it * (5) - (7). 

Benches are made of steel tubing, with work-surfaces of 
stoneware panels without joints, less frequently tiles, or 
chemical-resistant plastic panels. Low cupboards are of 
wood or chipboard with plastic laminate. Supply services 
are from above from the ceiling void, or from below 
through the floor structure. 

Ventilation: 

Low-pressure or high-pressure systems, the latter are 
recommended particularly in multi-storey buildings for 
institutes with higher air requirement in order to reduce the 
cross-sections of the ducts. Cooling and humidification as 
required. Ventilation systems have the highest space 
requirement of all services. 

Labs where chemicals are used must have artificial air 
supply and extraction. Air changes per hour: 
chem. labs 8 
biology labs 4 

physics labs 3-4 (in extraction area) 

Electrical services: 

Where a high number of connections and special supplies 
of electricity are required, a separate transformer in the 
building is essential. Electrical plant must be in a fireproof 
enclosure without any other cables running through it. 
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® Vertical services system 

itj —- - 


'main services concentrated in shaft for building; 
-horizontal services distribution in ceiling void; 

- great plan flexibility 




© 


Horizontal services system 


There are various possible arrangements of service ducts, 
columns and vertical circulation cores: 

© Services concentrated in internal main shafts at each 
end of the building, vertical circulation core inside 

(2) Services concentrated in external shafts at each end 
of the building, vertical circulation core outside 

(D Services concentrated in main shafts centrally in each 
part, circulation core as link element 

@ Services distributed in discrete duct installations, 
vertical circulation core inside 

(D Main services inside linked to vertical circulation core 

(6) Service shaft outside, vertical circulation core off- 
centre. 

Vertical services system 

There are many vertical service ducts inside the building or 
on the fagade, taking the services directly into the labs in 
separate ducts: decentrally distributed air supply and 
exhaust air to fume cupboards, separate ventilators on the 
roof. 

Advantages: 

Maximum supply to individual workplaces. Short, 
horizontal connections to the bench. 

Disadvantages: 

Plan flexibility limited, more space needed on services plant 
floor -> (7). 

Horizontal services system 

Vertical main services concentrated in shafts and 
distributed from there horizontally via the service plant 
floors to the bench by connections from above or below. 

Advantages: 

Fewer conduits and less space needed for the services 
ducts, greater flexibility of plan, easier maintenance, central 
ventilation plants, later installation easier -»(§). High density 
of services requires more space. Vertical mains ducts with 
concentrated services are more manageable, access is 
easier and they can be installed later. Conduits insulated 
from heat, cold, condensation and noise -»®-©- 



exhaust air 
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cw 

cold water 

St 

steam 

SAE 

secondary air 

HW 

hot water 

Co 

condensate 


extraction 

c 

circulation 

A 

air 

SWW sanitary waste water 

DW 

distilled water 

G 

gas 

RWP 

rainwater pipe 

cws 

cooling water supply 

SM 

special medium 



CWR 

cooling water return 

E 

emptying 



1 

1st pressure level 

RE 

reserve 



II 

2nd pressure level 

LW 

lab water 
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(To) Main services concentrated in shaft: plan 
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LABORATORIES 



lock 

dark room 


3 autoradiography 5 tissue culture 

4 cold room 6 sterile containers 





Architects: Heine, Wischer & Partner 
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Part of plan of cancer research centre in Heidelberg 



Rooms are used according to a schedule of accommodation 
and plan. Rooms with natural or artificial light and 
ventilation, with high or low servicing, allow the creation of 
zones of differing use and technical qualities. For this 
reason laboratory buildings often have large internal areas 
(with two corridors) > 0+ (3). The building length depends 
on the longest reasonable horizontal run of wet services. 

Services floors for plant in the basement or at roof level. 

Grid for structure and fittings: 

For adaptability of use, a reinforced concrete frame 
structure, pre-cast or poured in-situ, is preferable. The main 
structural grid is a multiple of the typical planning grid of 
120 x 120cm (decimal system). A convenient structural grid 
for a large proportion of rooms without columns is: 7.20 \ 
7.20m, 7.20 x 8.40m, 8.40 x 8.40m. Storey height normally 
4m, clear room height up to 3.0m. 

Columns stands on the grid off-set from the planning 
grid to increase the flexibility of the servicing. Separation is 
by a system of partitions and suspended ceilings which 
enclose the rooms. Movable dividing walls should be easy 
to assemble and have chemical-resistant surfaces. Ceilings 
should be designed to be disassembled and should absorb 
sound. Floor coverings should be water- and chemical- 
resistant, without joints and be poor electrical conductors: 
as a rule welded plastic sheet or tiles. 

Provide viewing windows into the labs from the corridor 
or in the doors. 

Isotope labs have smooth surfaced walls and ceilings 
without pores, rounded corners, shielded in lead or 
concrete, waste water monitoring, with shower cubicles 
between the lab and exits. Concrete container for active 
waste and refuse, concrete safe with lead doors, etc. 

A weighing table is part of every lab, usually in a 
separate balance room. Benches lie along the wall in front 
of vibration-free walls. 



T ° 

<Q 

to 

-k 


(3^) Typical plan of a variable multi-purpose institute 


| 3 . 12 { 3 . 12 ) 
Architect: W. Haake 
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Cross-section of lab with well-positioned central corridor 
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Section of main service route (walk-in) varies according to 
number of ducts it is carrying 
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Kindergarten: typical plan 


1 terrace 

2 common room 45-48 nV 


3 dining 

4 kitchen 

5 entrance 

6 role-play 4 m 2 

7 building 4m 2 

8 bonding 4m 2 

9 group room 18m 2 


10 washroom/WC 



common room 47.5m 2 
WC/washroom 9.8m 2 
group room 20.0 m 2 
care room 16.0m 2 

cloakroom 42.0m 2 

storeroom 3.0m 2 

play equip. 11.0m 2 

hail 37.0m 2 

multipurpose 66.0 m 2 
staff WC 7.0 m 2 

kitchen 13.0 m 2 

supervisor 10.5 m 2 
lobby 34.0 m 2 

heating 6.0 m 2 

mains intake 4.0 m 2 
cleaner 2.5 m 2 



® 


Architects: Pankoke + Schmitt 

Kindergarten with central multipurpose room 


multipurpose 

head 



1 lobby 

2 shared area 

3 office 

4 parent visits 

5 first aid 

6 laundry 

7 cloakroom 

8 group room 

9 games hall 

10 kitchen (milk) 

11 prams 

12 quiet room 

13 doctor 

14 kitchen 

15 gardener 

16 storeroom 

17 heating 

18 noisy area 

19 quiet area 

20 play room 
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Child daycare centre 


Architects: J. + W. Lippert 


CHILD DAYCARE CENTRES 

Child daycare centres provide social and educational facilities 
for daytime care of pre-school children and school children up 
to the age of 15. Children's needs should be taken into 
consideration in the planning. Division according to age groups: 

Creche from 8 months to 3 years, groups of 6-8 children; 
kindergarten from 3 years to school age groups of 25-30 
children; children's after-school care centre from 6-15 years, 
groups of 25-30 children. If possible, provision should be made 
for age groups to be combined. The centre should be near 
housing and traffic-free. 

Size of rooms, schedule of accommodation and details 

® + ( 2 ). 

Creche 2-3 m 2 floor space/child (babies, crawlers and 
toddlers) plus spaces for: nappy changing table, playpens, 
cupboards, toy racks, child-size tables and chairs. 

Kindergarten 1.5-3m 2 floor space/child. 15-30 children/ 
room plus spaces for cupboards, toy racks, child-size tables and 
chairs, chalkboards, etc. 

After-school care centre 1.5-4m 2 floor space/child. 20 
children/room plus spaces for cupboards, toy racks, child-size 
tables and chairs, chalkboards, storage facilities, homework 
room with cupboard for teaching material, shelves, desks and 
chairs. Arts and crafts room with cupboard for tools and 
materials, workbench, carpentry bench, etc. 

With more than two group rooms a multipurpose room is 
required, preferably next to the group rooms and with a view of 
them. Good sound insulation, so as to help concentration in 
group learning processes, e.g. play rehearsals, etc. 

If the room is large enough (min. 60 m 2 ) it can also be used 
as a gymnasium and for afternoon naps. Apparatus store. 

There is a trend towards two-storey buildings with staircases 
and emergency stairs, especially in high-density urban areas; and 
child daycare centres with longer opening hours for working or 
single parents (07.30 - 17.00). Facilities for disabled children, WCs 
and washrooms accessible to wheelchairs, therapy room. Min. 6 
parking spaces and space for bicycles and prams. 

Driveway and parking for staff and people collecting 
children, playground. 



1 common room 

2 group room 

3 play hall 

4 quiet room 

5 babies' changing 

6 kitchen 

7 staff 

8 head 

9 WC/washroom 

10 cloakroom 

11 storeroom 

12 cleaning materials 

13 lobby 


© ' 


Pusteblume' child daycare centre: ground floor 
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First floor (5) 


1 multipurpose room 

2 common room 

3 homework 

4 handicrafts 

5 apparatus 

6 WC 

7 storeroom 
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PLAYGROUNDS 





Play makes a fundamental contribution to the development 
of a child's personality. It is mainly through play that small 
children adapt to their environment. Play areas must be 
varied, changing and changeable. They must meet 
children's needs. Play is a social experience, through it 
children learn to understand the consequences of their 
behaviour. 

Requirements of play areas: traffic safety, no pollution, 
adequate sunshine, ground water level not too high. 

Play areas should be focal points within residential areas 
and should be connected to residential and other areas by 
simple networks of paths. They should not be pushed out 
on to the periphery but planned in connection with 
communication systems. Guidelines for planning 
playgrounds take into account the following data: age 
group, usable space per person, play area size, distance 
from dwellings, etc. 


age 

area 

distance from home 

group 

(m 2 ) 

(m) 

(minutes) 

0-6 

0.6 

110 - 230 

2 

6-12 

0.5 

350 - 450 

5 

12 - 18 

0.9 

700 -1000 

15 


When building housing, private outdoor playgrounds in the 
grounds of the housing complex should be provided for 
younger children up to the age of 6, for children from 6-12 
and for adults. A basis for calculating the size of all public 
playgrounds can often be found in planning regulations. 
For example, 5m 2 play area per housing unit, minimum size 
of playground 40m 2 . Open spaces for play must be 
enclosed by a barrier at least 1 m high (dense hedge, fences, 
etc.) to protect them from roads, parked cars, railway lines, 
deep water, precipices and other sources of danger. 



© 


Dough table 



(IT) Sandpit (logs) 




© 


Sandpit (planks) 





Exercise bars 



D/W/H 7.30/3.80/3.40 


1 open octagonal house 

2 lilliput castle 

3 rocking cockerels 

4 water play apparatus 

5 bicycle stands 

6 tabie tennis tables 

7 benches and pergola 

8 trampolines 

9 castle with moving parts 

10 Robinson Crusoe's island 

11 water spring 

12 turnstile 

13 paved area 

14 amphitheatre 
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See-saw 


Slide and climbing frame 


'Karnacksweg' playground 
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LIBRARIES 



centre tine 
distance 


Drawing to explain terms used in calculating floor area for 
7 shelving (not to scale) 


block of shelf units 8.70 * 12.00 



(?) Floor space for bookshelves in areas closed to the public 



I 

l-t- 


area 

centre-line 
distance (m) 

stacks 

1.35 

(1.20) 

1.44 

open-access 

1.40 

shelving 

1.70 

enquiry area 
and 

1.60 

reading room 

2.00 


© 


3 ^ Floor area for open-access bookshelves 8.70 x 6.00 m per block 
of shelf units 


structural 

7.20 mx 

7.50 m x 

7.80mx 

8.40m x 

grid 

7.20 m 

7.50 m 

7.80m 

8.40m 


6x1.20 

6x1.25 

6x1.30 

6x1.20 

nx centre-line 
distance 

5x1.44 

5x1.50 

5x1.56 

5x1.40 


4x1.80 

4x1.87 

4x1.95 

4x1.68 


area 

volumes 
per shelf 

stacks 

25-30 

open-access 

shelving 

20-25 

enquiry area and 
reading room 

20 
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Example distances between shelf 
unit centre-lines; common grids 


© 


Volumes per shelf 



structural grid j 

3.60 

4.20 

4.80 

5.40 

6.00 

7.20 

8.40 


stacks. 

n 


1.05 


1.08 


1.10 


1.05 

open-access shelving. . Q 

u 

1.20 

1.20 

1.20 

1.10 

1.20 

1.20 

1.20 

1.12/1.2 

n 









1.29 

open-access shelving. . 



1.40 

1.37 

1.35 

1.33 

1.32 

1.31 

1.40 

u 


1.44 




1.50 

1.47 

1.44 



A 



1.60 

1.54 



1.60 

1.53 




1.68 




1.65 


1.68 

reading room. 


1.80 



1.80 

1.71 


1.80 



V 



1.92 


2.00 







2.10 





2.07 

2.10 

work spaces {2.2b) . 


2.40 

2.10 

2.40 

2.10 

2.40 

2.20 

2.40 

2.10 

group work spaces. 


3.60 

4.20 

o 

00 

3.60 

4.00 

4.40 

3.60 

4.20 
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Suitability 

functions 


of common structural grids for fundamental library 


shelves above one another 

7 

6 

5 

on the basis of a book 
size distribution of 

maximum book height (cm) 

25 

30 

35 

up to 25cm 65% 

25 up to 30cm 25% 

average book depth (cm) 

18 

20 

22 

30 up to 35cm 10% 
an assumed floor load 
of 7.5kN/m 2 results 

load per shelf 

0.38 

0.51 

0.55 


Ij Loadings for 7.5klM/m 2 book stack floors 


Libraries perform a range of functions in society. 
Academic libraries, for example, obtain, collect and store 
literature for education and research purposes, and are 
usually open to the general public. Public libraries 
provide communities with a wide choice of more general 
literature and other information media, with as much as 
possible displayed on open shelves. The functions of 
academic and public libraries are often combined in a 
single library in larger towns. National libraries, for 
example, may house collections of literature and 
historical documentation produced in one country or 
region (deposit copies) and are open to the public, 
whereas specialist libraries for the collection of literature 
and media in limited subject areas often have limited 
access. 

In academic libraries, reference rooms are provided. 
There may also be counters for loans from the closed 
stacks, and free access to the open shelves of magazines, 
books or separately presented educational material in 
reading rooms. Apart from books and journals, almost all 
the different information media forms are collected and 
presented for use in an accessible way. The number of 
reading places depends on the number of students in the 
various subjects. The information is arranged in a 
systematic way, i.e. by subject. The services offered 
include inter-library loans as well as photocopying, and 
reading and printing from microforms (microfiche and 
microfilm). In addition, an on-line literature search and a 
literature search on data bases stored on CD-ROM are 
available. 

University libraries are organised in either one or two 
layers. The one-layer system is administered centrally 
(book processing and services) and normally has very few 
separate branch or subject libraries. The two-layer system 
includes a central library and usually a large number of 
faculty, subject and institute libraries. The stock is held on 
open shelves in reading rooms, or in accessible book 
stacks (with the same shelf spacing as in closed stacks), 
as well as in restricted-access closed stacks. 
Arrangements such as these are found in various 
proportions in almost all academic libraries. The 
proportions of loan (open and closed access) and 
reference stocks depend on the type of organisation, i.e. 
the aims of the library and the form of the buildings often 
have a significant effect. The number of book shelves 
depends on the type of organisation, accessibility for 
users, type of shelving (fixed or mobile), the system of 
subject ordering in use and its method of installation, the 
separation of different formats and also the structural grid 
of the building -» (4) - (7). 

Reading room areas, with space for reading and 
working, should be easily accessible and therefore 
situated on as few levels as possible. This also aids book 
transport. There should be a clear directional system 
with easily read signs giving directions to services and 
book shelves. Avoid offset levels. Access to the 
operational areas and reading rooms on different floors 
should be by staircase, but lifts must also be provided for 
the use of disabled people and for book transport. Floor 
loadings in the operational and reading areas should be 
> 5.0 kN/m 2 . 

Circulation routes should be >1.2m wide, and clear 
spaces between shelves at least 1.3-1.4 m wide (or in 
accordance with local regulations). Avoid crossings and 
overlapping of routes for users, staff and book transport. 
Access to reading rooms can be through control gates 
equipped with book security equipment and, if possible, 
only one entrance and exit. For functional reasons, the 
control gates should be near the lending desk/central 
information desk. 
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LIBRARIES 


distance between 

volumes per 

number of 

volumes per 

space needed 

volumes 

centre lines of 

metre of 

stacked 

metre of 

for 1000 

per m 2 

shelving (m) 

single shelf 

shelves 

shelving 

volumes (m 2 ) 


30 

6 

360 

3.99 

250.6 


30 

6.5 

390 

3.68 

271.7 

1.20 

25 

6.5 

325 

4.43 

225.7 


30 

7 

420 

3.42 

292.3 


25 

6 

300 

4.80 

208.3 

k 

30 

6 

360 

4.16 

240.3 

<0 

0> 

30 

6.5 

390 

3.84 

260.4 

«> 1.25 

25 

6.5 

325 

4.61 

216.9 

<0 

30 

7 

420 

3.56 

280.8 

o 

25 

6 

300 

4.99 

200.4 







-b 

30 

6 

360 

4.33 

230.9 

<A 

30 

6.5 

390 

3.99 

250.6 

1 1-30 

25 

6.5 

325 

4.80 

208.3 

v> 

30 

7 

420 

3.70 

270.2 

~o 

a? 

25 

6 

300 

5.19 

192.6 

o 

30 

6 

360 

4.50 

222.2 


30 

6.5 

390 

4.15 

240.9 

1.35 

25 

6.5 

325 

4.98 

200.8 


30 

7 

420 

3.85 

259.7 


25 

6 

300 

5.40 

185.1 


30 

6 

360 

4.85 

206.1 


30 

6.5 

390 

4.47 

223.7 

£ 1.40 

25 

6.5 

325 

5.17 

193.4 


30 

7 

420 

4.16 

240.3 

CO 

25 

6 

300 

5.82 

171.8 

c 

20 

5.5 

220 

7.63 

131.0 

o 

25 

6 

300 

6.00 

166.6 

I 1.44 

25 

5.5 

275 

6.53 

153.1 


20 

6 

240 

7.50 

133.3 

TO 

20 

5.5 

220 

8.17 

122.3 

C 

25 

6 

300 

6.25 

160.0 

a 1.50 

25 

5.5 

275 

6.81 

146.8 

° 

20 

6 

240 

7.81 

128.0 


20 

5.5 

220 

8.51 

117.5 

- 

25 

6 

300 

7.00 

142.8 

168 

25 

5.5 

275 

7.62 

131.2 


20 

6 

240 

8.75 

114.2 


20 

5.5 

220 

9.53 

104.9 

J i-so 

20 

5.5 

220 

10.22 

97.8 


20 

5 

200 

11.25 

88.8 

— 1.87 

20 

5.5 

220 

10.62 

94.1 

E 

o 

20 

5 

200 

11.68 

85.6 

o 

a> 

20 

5.5 

220 

11.92 

83.8 

I 2.10 

20 

5 

200 

13.12 

76.2 


20 

4 

160 

16.40 

60.9 





Source: Schweigler 


1 J Floor area calculation for double-sided shelving 


library area/ 
floor type 

closed and 
open stacks 

compact 

storage 

systems 

reading room 
and open-access 
shelving 

administra¬ 

tion 

on floors with lateral 
distribution 

7.5 

12.5 

5.0 

5.0 

on floors without 
lateral distribution 

8.5 

15.0 

5.0 

5.0 


© Assumed floor loads (kN/m 2 } 


number of 

shelves 

distance between centre-lines of shelf units (m) 

1.10 

1.20 

1.30 

1.40 

1.50 

1.60 

1.70 

1.80 

4 

3.83 

3.72 

3.62 

3.54 

3.46 

3.39 

3.33 

3.27 

5 

4.38 

4.24 

4.11 

4.00 

3.90 

3.81 

3.73 

3.65 

6 

4.93 

4.75 

4.60 

4.46 

4.34 

4.23 

4.13 

4.03 

7 

5.48 

5.27 

5.09 

4.93 

4.78 

4.65 

4.53 

4.42 

8 

6.03 

5.79 

5.58 

5.39 

5.22 

5.07 

4.93 

4.80 

9 

6.58 

6.31 

6.07 

5.85 

5.66 

5.49 

5.33 

5.18 


3y Live floor loadings for different numbers of shelves and 
centre-line distances 


Facilities inside the controlled area should include reading 
room information, bibliographies, on-line catalogue terminals, 
the issue and return of books which can only be used in the 
reading room, copying equipment (in separate rooms), open- 
access book shelves, work spaces and, if necessary, the open- 
access book stacks. 

Facilities outside the controlled area should include 
cloakrooms or briefcase and coat lockers, toilets, a cafeteria, a 
newspaper reading area, an exhibition room, lecture and 
conference rooms (possibly for use outside library opening 
hours), an information desk (central enquiries), card and 
microfiche indexes, on-line catalogue terminals, book return 
and a collection area for ordered/reserved books. 


The provision of work spaces in college libraries depends on 
the number of students and the distribution of individual 
subject groups. Special work places are required for people 
with disabilities (wheelchair users and the visually impaired) 
and for special operations (microform reading and enlarging 
equipment, PCs, terminals, use of CD-ROMs etc; take note of the 
relevant guidelines), as well as for individual study (cubicles, 
carrels, individual work rooms). Work spaces should preferably 
be in daylight areas. The area required for a simple 
reading/work place is 2.5m 2 ; for a PC or individual work place, 
> 4.0 m 2 is needed. 

Security is vitally important in user areas. Fire precautions 
must comply with national and local building regulations and 
procedures. The installation of a book security system will 
prevent theft, and the optimal security of unsupervised escape 
exits is achieved with automatic electronic lock-up when an 
alarm is triggered. Securing emergency doors mechanically with 
acoustic and/or visual alarms is less effective. 

The archive store is best situated in the basement because of 
the high floor loads and the more even climate. 'Book towers' are 
not convenient because of the increased need for climate control, 
transport and staff, as well as limited flexibility. The most efficient 
method is to have linked areas which are as large as possible 
without changes in level. The divisions between fixed stacks and 
those of mobile (compact) systems are dependent on the 
structural grid of the columns. Capacity can be increased by 
approx. 100% by using mobile stacks. The floor loading with 
fixed stacks is at least 7.5kN/m 2 ; with mobile stacks it is at least 
12.5kN/m 2 . 

The internal climate in user areas should be 20° ±2°C, with 
approx. 50 ±5% relative air humidity and air changes (fresh 
replacement air) of 20m 3 per hour per person. These values can 
be increased or reduced depending on the weather conditions. 
Avoid direct sunlight, since UV and heat radiation destroy paper 
and bindings. Because of the high energy consumption, and 
therefore high running costs, air conditioning should be 
introduced only where absolutely necessary. Natural ventilation 
is possible with narrow buildings. 

The internal climate in archive stores should be 18° ±2°C, 
with 50 ±5% relative air humidity and air changes (fresh 
replacement air) of >3m 3 h _1 m"T Air filtration is necessary to 
eliminate any harmful substances in the atmosphere (e.g. dust, 
S0 2 , NO x etc.). By using wall materials with good moisture- and 
heat-retaining properties, it is possible to reduce the necessity 
for air conditioning. Slight air circulation is necessary to prevent 
the growth of mould, particularly with mobile stacks (use open 
ends). Special collections and materials (e.g. photographic 
slides, film, and sound and data media, as well as cards, plans 
and graphics) require a special internal climate. The internal 
environment should be appropriate to each area of the library, 
rather than being uniform throughout, and no open-plan offices 
should be sited in administrative areas. However, full 
environmental control is needed in stacks, because the building 
structure alone cannot provide suitable conditions 

Floor loading in administration and book-processing areas 
should be >5.0kN/m 2 . In technical areas (workshops), individual 
structural requirements will depend on the types of machinery 
and equipment. Reinforced concrete and steel-frame buildings 
with a structural grid of >7.20m x 7.20m have been found to be 
suitable owing to the flexibility they allow in fitting out. Room 
heights should be >3.00m. 

Transport books horizontally in book trolleys (avoid 
thresholds; changes of level should have ramps <6% or 
platform lifts) and/or on conveyer belts. Transport books 
vertically in lifts, on conveyer belts (the route must be planned 
very carefully, with sloping inclines; very low maintenance 
costs), by a container transport system (mechanically 
programmable, a combination of horizontal stretches and 
paternoster lifts) or by an automatic container transport system 
(routes can be horizontal and/or vertical as desired, fully 
automatic, generally computer-controlled; high investment 
cost, rather high running costs). 
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Floor area for an individual 
workstation 


© 


Minimum distances between 
tables 


F, = b • e • (1- 


N% v 

100 


formula 1 


FI floor area required for an open 
workstation for library user 
b width of table 
e distance between centre-lines 
of tables arranged one behind 
the other 

N% percentage of area allowed 
for adjacent aisles providing 
access to individual 
workstations 

Under the conditions listed above, the 
floor area required for an individual work 
station is approx. 2.50 m 2 . Example: 


F, = 1.00 m • (0.70 + 0.95) - (1+_50_) 
F t . 2.48 m* 100 
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Floor area calculation (m 2 ) 


A 


□ □ 


u 


I 

[2.6m*__ 

I- 2 00 - 

n 


□U 

o 


J_3 4m* 



Workstation for microfiche reader: 

60 x 120cm table with rotating table 
stand (having maximum 10 vertical hanging 
storage units) -* (4) A 

Workstation for microfiche reader: 

75 x 150cm table with table stand (for 
maximum 15 storage units) or rotating 
stand (haying maximum 50 hanging storage 
units -» ( 4 ) B 

Four-seat microfiche reading work¬ 
station: 75 x 150 cm tables for one (or 
two) rotating stands with maximum 50 
(or 100) hanging storage units 
(3.70 x 3.80 m) - © 
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Microfiche reading workstation 


© 


Four-seat microfiche station 


(S^) Dimensions (4) - (5) 


1 ° 


1^1 
1 00 — 

c* 
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shelf 

units 







II 
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} | ^ 


7} Individual study booths 
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Minimum free space in 
reading area -» (9) 





'g'N When books are moved 
^ between seated and 
standing users 



(TO) Height of five-shelf unit (ll) Bookshelf for schoolchildren (l2) Height of four-shelf unit for 

w w w small children 


100-1 I-54-1 t—30—t 



1.00- 1 i-54-1 t—30 -h 



^ 4 ) Shelf units: for adults, 5--6 shelves; for children 4—5 shelves —» @ 


LIBRARIES 

A pneumatic tube system can convey 
information such as lending tickets. 
Modern systems tend to use plastic 
conveyors, running in plastic tubes, 
with comparatively small plants. 
Other methods of sending call-slip 
information to the stack as part of 
retrieval communication are faxes, 
gravity tubes and document carriers. 
A computer link between the request 
counter and the stack is also possible. 
Ideally, all materia! should be moved 
directly to where it is required. The 
return of books to their correct place 
on the shelf is very important. 

Lighting should be appropriate to 
the use to which the area is put. 
Bookshelves should be protected 
from daylight. Sensitive materials 
should not be exposed to a level 
>50lx. Artificial light is preferable in 
an exhibition area since it is easier to 
control. The best illuminance distri¬ 
bution ratio at workstations is 10:3:1 
(book:surface:background). Non-work 
rooms need 100-300lx, stacks need 
150-300lx, office and administration 
blocks need 250-500lx, and reading 
rooms without individual lights and 
catalogue rooms need 300-850 lx. 
Lighting should have separate 
switches in each area and be 
individually adjustable at each work 
station. 

Building design should be based 
on climate, and internal environ¬ 
mental control should be based on the 
building. The recommended temp¬ 
erature for reading rooms and open 
access areas is 22°C in summer and 
20°C in winter, with 50-60% relative 
humidity and six or seven air changes 
per hour. Stacks should be kept at 
17_22°C in summer and 17°C in 
winter, with 50-60% relative humidity 
and six to seven air changes per hour. 
The recommended humidity level in 
libraries is between 45% and 55%. 
Special measures should be taken for 
unusual and sensitive materials; 
humidity which is too low or too high 
can damage films. The air should be 
changed at least three times per hour, 
depending on the area of the library 
and time of year. The air intake per 
cycle should preferably be 25%, but is 
often reduced to 15% for economic 
reasons. 
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LIBRARIES 




Q 


Functional diagram of medium-sized library 






Minimum distances 


Public libraries offer general literature and other 
information media which are directly accessible on open 
shelves. Systematic collections and subject searches of 
material in print and in other media are limited to the larger 
public libraries. Public libraries have no academic collection 
obligations or archiving functions, and are usually without, 
or with only very small, archive stores. They are freely 
accessible to the public, and are used by children, 
adolescents and adults. Public libraries orientate their level 
and choice of stock and services to the needs of their users. 
As a communication 'market-place' for all population 
groups, in addition to the traditional provision of books, the 
library may have browsing areas, a citizens' 
advice/enquiries desk, a cafeteria, music listening facilities, 
recreation and meeting rooms, and study seating for 
groups and individuals. It may also include a music library, 
an art lending library and a mobile lending service. In 
addition to books and newspapers, the collection may 
include periodicals, brochures, games, or new media (CDs, 
videos, PC software) to be used in the library or borrowed. 

The room design should encourage adults, children and 
young people to spend time in separate open-plan spaces 
where activities take place. The floor area depends on the 
size of the collection. There should be 300 m 2 of usable floor 
area for every 10000 units of media in the collection > V 2T 
The objective is to have a minimum of two media units per 
occupant. 

Ideally, the design should include large, open, extendible 
multipurpose areas, which are roughly square, and 
organised horizontally rather than vertically, and an inviting 
entrance. Areas for adult users can have five or six shelf 
levels (maximum reach 1.80m ®); in the children's area 

there should be four shelf levels with a reach height of 
around 1.20m. Shelf aisles should not be more than 3m 
long, and can also be used to produce niches and exhibition 
stands. Book transport should be with book trolleys 
920mmx990mmx500mm (DxHxW). The goods elevator 
should be at the service entrance, and larger libraries 
should also have book conveyors. 

Floor loadings in public libraries should not exceed 
5.0kN/m 2 , in archive storage and similar open access areas 
with closely spaced stacks they should be 7.5kN/m 2 
maximum, and with compact storage (mobile shelving) 12.5 
or 15.0kN/m 2 . 




























LIBRARIES 

Science Libraries 



© 


Section through Bereichsbibliothek Berlin -* @ (3) (§) 


Science libraries have always had a central position in 
science and the life of universities. They are not only 
locations to store books, but also places to work with books. 
Important and decisive contributions to world literature have 
been produced in libraries. The erection of libraries is one of 
the most notable building duties of society. Important 
architectural examples from the 19th century (such as the 
Biblioteca Laurenziana, Florence, and the Bibliotheque 
Nationale, Paris) show how these demands were met. The 
Bereichsbibliothek, Berlin -» (T), has a gross area of 3800m 2 
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LIBRARIES 


▼ 



r 

275 


emergency stairs 

Jn 


tnlnirf 

ffuluTufi 


(^) Ground floor of institute library 


F 

245 

2,60 

L 


lighting 


roof-light 



® 


Cross-section 


©-© 



Architect: author 
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Upper floor 



* 


1 entrance hall 

2 catalogues hall 

3 periodicals 

4 natural sciences 

5 reference section 

6 human sciences 

7 arts and music 

8 poetry and fiction 
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Large library in USA 


Architect: Curtis and Davis 
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MUSEUMS AND ART GALLERIES 
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Circulation diagram 



© 


Install lighting so that 
angles of incidence 
correspond with natural 
light 



museum of natural history 



Gallery passage, lit from 
'— / one side only, lower part 
with indirect, attenuated 
lighting 



1- 10.0-1 


screen 



® 


Well-lit exhibition hall based 
on Boston experiments 


© 


Ideal uniform lighting 
from both sides (following 
S. Hurst Seager) 


Museums and art galleries tend to have several of the same concerns, 
and as building types they tend to share many of same features. In 
general, the main concerns of museums and art galleries are 
collecting, documenting, preserving, researching, interpreting and 
exhibiting some form of material evidence. For this purpose, many 
people with varied skills are required. There are, however, important 
distinctions not only between museums and art galleries, but also 
between the different types of museum and art gallery. There are 
institutions such as heritage centres, exploratoria and some cultural 
institutes which are considered to be types of museums. 

To show works of art and objects of cultural and scientific 
interest, the institution should provide protection against damage, 
theft, damp, aridity, sunlight and dust, and also show the works in 
the best light fin both senses of the term). This is normally achieved 
by dividing the collection into (a) objects for study, and (b) objects 
for display. Exhibits should be displayed in a way which allows the 
public to view them without effort. This calls for a variety of carefully 
selected, spacious arrangements, in rooms of a suitable shape and, 
especially in museums, in an interesting and logical sequence. 

As far as possible, each group of pictures in an art gallery should 
have a separate room and each picture a wall to itself, which means 
small rooms. This option also provides more wall space in relation 
to floor area than large rooms, which are nevertheless necessary for 
big pictures. The normal human angle of vision starts 27° up from 
eye level. For a standing viewer, this means that well-lit pictures 
should be hung 10m away with the top not more than 4.90m above 
eye level and the bottom about 70cm below -> (§). The best hanging 
position for smaller pictures is with the point of emphasis (the level 
of the horizon in the picture) at eye level -> (9). 

It is necessary to allow 3-5m 2 hanging surface per picture, 
6-10m 2 ground surface per sculpture, and 1m 2 cabinet space per 
400 coins. 

Calculations for museum and art gallery lighting are highly 
theoretical; the quality of light is decisive. Experiments carried out in 
America can be useful. Recently there has been a steady increase in 
the use of artificial lighting instead of daylight, which constantly 
changes even if north light is used. 

According to experiments carried out in Boston, a favourable 
viewing space is between 30° and 60° up, measured from a point in 
the middle of the floor. This means a sill height of 2.13 m for pictures 
and a viewing range of 3.00-3.65m for sculpture -» @. 

In art galleries there is generally no continuous circular route, 
just separate wings. Both museums and art galleries need side 
rooms for packing, dispatch, administration, a slide section, 
conservation workshops and lecture theatres. Disused castles, 
palaces and monasteries are usually suitable for housing museums. 
They are particularly suitable for historical objects, for which they 
provide a more appropriate setting than some modern museums. 



© 


Painting store with sliding steel mesh frames on which 
pictures can be hung as desired and be available for study 


i cAiiiuiuun room 
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allows great variety of room arrangements 
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Exhibition room with 
side lighting 
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MUSEUMS: EXAMPLES 







Guggenheim Museum, New York: plan -> (3)#(3),(5) 


Nowadays, many museum buildings are also used as culture 
centres, and this possibility must be included in the planning stage. 
Spaces must be available for permanent and temporary exhibitions, 
libraries, media rooms and lecture theatres. There should also be 
places for relaxation and refreshments, as well as space for 
transport, storage, conservation, workshops and administration. 

Technological innovations are having a big effect not only on 
museum function, but also on the design of exhibits. Two examples 
are the computerisation of collection records and design 
documentation, and lamp miniaturisation and fibre optics and their 
effect on lighting design. 




tight source 



Architect: Reidy 

IT) Section and light sources Museum of Modern Art, Rio de Janeiro 




Centre Pompidou, Paris: elevation 
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MUSEUMS: EXAMPLES 



west elevation 


Architect: Dissing & Wertling, Copenhagen 





) Museum of Arts and Crafts, Frankfuri 
east elevation and section 


Architect: Richard Meier 


\ 


4 ) Museum of Modern 


Architect: H. Hollein, Schmitt 


Art, Munchengladbach 




1 entrance terrace 

2 entrance hall 

3 temporary exhibits 

4 sculpture court 

5 lecture theatre 

6 restaurant 

7 foyer/studio theatre 

8 music school 


[Ooooooootx>ooooootxxxr 


plan 


Architect: Stirling, Wilfried 


bj Extension to the Staatsgalerie in Stuttgart 



key - (7) 

1 entrance court 

2 foyer 

3 temporary exhibits 

4 restaurant 

5 administration 

6 library 

7 Metzler Villa, 
Rococo 

8 garden court 




section A-A 


90 


© 


9 j Typical cross-section, 

northern light, 53° glazing 


key >(§) 

1 exhibition 

2 reading room 

3 lecture theatre 

4 administrator 

5 graphics 

6 museum way 

7 gallery 

8 chief restorer 

9 testing 

10 physics 

11 chemistry 

12 paper restorer 

13 photographic studio 

14 studio 
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OFFICE BUILDINGS 



Problems in the left half can be solved 
by preventive measures and training; 
those on the right require technical 
and organisational solutions 



Organisational arrangement of floor areas in office buildings 




J performance j 

j organisation 

| equipment 

] 

f 

* i 

1 - education | 

j - structure 

] - machines 



t - information i 

i - planning 

t - furniture 



1 - motivation [ 

i - work flow 

t - filing 



1 - salaries t 

j processes 

1 - stationery 



1 - training 1 

, - job description 

| - literature 



! -age i 

I - documentation 

i - paperwork 



, - health [ 

I - communication 

1 - materials 



<- - -- - -1 

L _ __ 

- data storage 

J 

i. 


[working condition^ 


acoustics 

- lighting 

- environment 

- colours 

- open-plan 

- separate room 

- multi-occupant 

- room quality 


© 


Factors affecting office work 


I _ 

internal forces: 

- increase in profitability 

- (de)centralisation, business 
fashions 

- Parkinson's law 

- flexible labour utilisation 
and rationalisation 


external forces: 

- societal (legislation, etc.) 
globalisation of markets 

- economic developments 

“ work done for government (e.g. 
following changes in taxation) 

- labour market/new technology 


PRINCIPLES 

Office Work 

The way in which office work is 
organised and roles are defined 
{office structure, customer man¬ 
agement, office technology) affects 
the requirements for office space. 

Building types develop and 
change over time. In addition to 
innovative prototypes, there are 
types of buildings which are 
representative of the forces and 
influences around when they were 
built > (3). The organisation of 
office work increasingly focuses on 
human relationships and comm¬ 
unications » (J). As office work 
continues to change {from the 
introduction of new technologies), 
a clear understanding of the task 
required becomes a significant 
motivating force. Designers can 
influence all aspects of the working 
environment. Good design is 
extremely important, and has a 
strong influence on job satisfaction. 

The space allocated to a person 
to execute a task is referred to as a 
workstation. This can be a private 
office with full-height partitions 
and a door, an open-plan 'cubicle' 
configured from systems furniture 
or low-height partitions, or an 
individual desk in an undivided 
space. 

A large office building will 
consist of several different types of 
space ■» ©. (1) Office areas will 
have separate offices for one to 
three people with workstations for 
trainees, group offices for up to 20 
people, also with workstations for 
trainees, and open-plan offices for 
up to 200 people on a single level. 
Some offices may combine 
individual workstations with areas 
used by groups. In an open-plan 
office, all spaces are multipurpose 
for individual or team work, except 
for a separate secretarial depart¬ 
ment. (2) Records areas are for the 
storage of files, drawings, micro¬ 
film and electronic media, filing 
and recording equipment, doc 
ument reproduction, play back and 
shredding. (3) Central clerical 
services areas contain dictating, 
duplicating, printing and photo¬ 
copying equipment, and personal 
computers. (4) The post room 
handles all incoming and outgoing 
post. (5) Corporate display areas 
contain board rooms with 
moveable walls, exhibition areas, 
conference rooms and meeting 
rooms. (6) Social facilities should 
include cloakrooms, a kitchen for 
each floor or area, toilets, a rest 
area for employees, refreshment 
rooms, sports facilities and a 
dining room with a kitchen. {7) 
Additional spaces and extensions 
may be needed for training on 
audio-visual equipment. {8) It may 
also be necessary to have an 
entrance drive, parking spaces 
{possibly underground) and 
delivery bays. {9) Circulation 
spaces include corridors, stair 
ways, lifts, and internal and 
external emergency exits. {10) 
Central services are responsible 
for technical equipment, air 
conditioning, ventilation, heating, 
electric power, the water supply, 
data processing, the computer 
centre, telecommunications, and 
cleaning and maintenance. 

A detailed description of the 
company and its organisational 
structure, including company- 
specific functions and relation¬ 
ships, will help produce a suitable 
analysis of its requirements. 
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PRINCIPLES 

Trends/Criteria 


increase 

decrease 

industrial 

administration 


-11% 

-1-2% 

trade +0.8% 

-1% 



public 

0 % 

administration 

* — -‘‘^+22.8% 



+ 1% 

other - +49 7%^* 
services^^ 

-3% 


-3% 

insurance +e 

----L 

1.5% 


outlook organisational changes 

o 

industrial administration: 

• rationalisation, involving reduction 
in employee numbers 

• timing differences across various 
sectors 

• elimination of jobs requiring few 
qualifications 

• integration of clerical work, 
elimination of secretarial posts 

• potential for telecommuting trade: 

• increased mail-order sales and 
shrinking trade in town centres 

• alliance of trade and banks due to 
increased competition 

• more concentration 

• centralisation of administration 
public administration: 

• privatisation of sub-sectors in local 
government 

• reduction of statutory provisions 

• elimination of labour-intensive 
sectors (e.g. residents' registration) 
other services: 

• more small businesses (increase in 
qualified consultants) 

• varying degrees of development 

• consultancy sector decentralises 
organisation of labour banks (and 
building societies): 

• future growth rates slowing 

• automation and mass-marketing 

• elimination of branch offices; 
telebanking; mergers 

• organisation by customer group 
insurance: 

• market saturation, competition 
forcing mergers 

• reduction in staffing levels due to 
rationalisation 

• paperless transaction processing 

• decentralisation through market- 
oriented units 

• potential for telecommuting 



\ Linking telecommunications technology, 
data processing, and office equipment 
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Evolution in the service sector 


small room 

TTTTT 

ms* 

0\ 

I 80-85% in a row * \ 

XJ 

and 15-20% 


divisible 

- group office - 




linkec 


77-80% 
and 20-25% 


in m 

separate 


'limited' 
workstation: 65 


'extended' 
'workstation: 10 


© 


Room sizes 



-1 (T) director. 




— 

j chief departmental 



— 

1 manager, departmental 


— 

J manager, assistant 



— 

i (8) secretarial 




— 

1 department 



12 x 


1 (C) chief group manager, 

— 

_ 

group manager. 




_ 

project manager 
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? 
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__ 


H 1—— : 

5x 

4x 
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|=j |=j 2x\ 

— 

_ 
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„ 

— 

— 



I Daily office floor 
area usage (%} 


assignment of staff 
to working groups 
(actual target) 



82% group office 

assignment of staff 
to types of room fl _ _ 

floor area per storey 

(5^) Principles of use for distribution of space 


Effects of information 
technology and office 
automation 

Developments in information 
and communication technol¬ 
ogies have contributed greatly 
to the changing working 
conditions in offices. 
Multipurpose terminals are 
replacing individual data-, 
word- and image-processing 
equipment, and individual 
systems are being networked 
to form integrated office 
communication systems -+ ©. 
Video display stations, which 
also require computer 
terminals and additional 
equipment, have increased 
the floor area needed in offices by approx. 2-3 m 2 to approx. 
15-18 m 2 . The effects of office automation on workstations and 
layout have created needs which existing office buildings can no 
longer fulfil. These include the greater importance given to the 
quality of the individual workstation, which improves flexibility, 
minimises operating costs, and results in working environments 
that are ecologically acceptable. Reorganisation of space and the 
modernisation of furniture and fittings are just as important as 
new buildings -> (2). 

Streamlining working procedures can potentially reduce the 
time spent on administrative activities (filing, sorting, copying, 
searching, acquisition of material etc.) and communication 
(conferences and meetings) by approx. 25%. Good design can 
minimise interruptions to the workflow. More telecommuting 
(work at home) compensates for the increased floor area 
requirement described above, but some activities (meetings, 
etc.) must still take place in the office building. There are also 
limits to the usefulness of telecommuting. 

There are other forces which tend to work against potential 
decentralisation, and which may be very important. A 
centralised location may have a prestige advantage, a 
company's presence in a city is a symbol of continuity, and 
employees often prefer a communal working atmosphere and 
shared leisure activities. Video-conferencing, however, could 
reduce job-related travel by approx. 50%. 

Changes in the workplace 

Increased efficiency due to information technology and changes 
in work requirements (processes and organisational patterns) are 
changing office structures. Staffing levels are dropping, and 
working groups are getting smaller. The former hierarchical 
division of labour amongst staff, such as manager, secretary, 
senior clerk etc., often develops into an integrated working 
group. This in turn may change floor space allocations. A greater 
awareness of the immediate working environment is closely 
linked to current societal values. These are reflected in attitudes 
toward workplace quality (daylight, use of environmentally 
friendly products, energy conservation) and daily activities 
(ecological aspects, consumption of materials, waste disposal). 
From the employee's viewpoint, the workplace is a vital forum for 
social interaction. This is increasingly important because of the 
stress caused by new technology and formalised work structures. 
Rising levels of physical and psychological stress have resulted in 
greater attention being paid to the work environment. Office 
workers need sufficient space, the freedom to arrange their own 
furniture, good ventilation and lighting, and protection against 
external or unnecessary disruptions. Approximately 65% of the 
working day is spent in limited work areas and 10% in extended 
work areas -» Work contacts and shared equipment are 
becoming more important, resulting in the need for individual 
and shared offices and workstations -> @ + (5). 

In addition to reorganisation of existing buildings, new 
concepts for individual and group offices are taking shape, e.g. 
the interconnecting group office partially divided into zones, the 
combined office, or the multiple or multivalent workstation, 
although the latter does not appear to be popular. 
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PRINCIPLES 


influence of function and . 



1958 1961 1963 

typical layout 



1969 1971 1976 1 

organisational flexibility 



1978 1983 ' 

differentiated working environment 


mechanical type 
writers and 
calculators 
telephone 
files 

pneumatic tube 
system 


electric typewriters 
filing 

central data 
processing 


data display 
terminals 
communications 
technology 


preferred 

locations 


city centre and 
adjacent area 


business parks 
city edge 


city edge 
country 


© Floor plans since 1950 


time 

type 

equipment 

process diagram 

from 1950 

small room: 
in rows, 
stacked 

mechanical office 
machines 
telephone 
files 

linear y 

from 1965 

open-plan office: 

transparent, 

flexible 

electric typewriters 
photocopier 
central data 
processing 

networked 

f K'T' 


group office: 
connected, 
articulated i 

decentralised data 

sequential 

from 1980 

processing 
word processing 
data display 
terminals 

■ computers - ■ - 

=t>* 
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© Building type and working arrangement 




© Double row layout 
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® First design, combined office: 

ESAB HQ, Tenbom Architekter AB, 
Stockholm. Various internal 
arrangements: open-plan, group, 
separate and combined offices 



Typology 


Types of office space 

The layout of office space has changed dramatically since the 1950s 
-> ®- Working methods are always closely linked to available 
technology (2), and the working structure of earlier years is being 
expanded by modern information technology and office automation. 
As a result, new forms of floor plan are being generated. 

After changing from separate offices in the 1950s, to open-plan 
concepts after the mid-1960s, and group office principles in the 
1970s and 1980s, it seems that a combined office design is 
becoming established in the 1990s. The first examples appeared in 
Denmark in 1976, where new space dividers and combinations of all 
known basic forms were being used. 

The orientation of a new office building will depend on location. 
Where possible, the building should be orientated to admit useful 
daylight while avoiding glare and solar heat gain. In the USA, the 
principal axis of 90% of office buildings runs east-west, since deep 
penetration by morning and evening sun is unpleasant. It is easy to 
use canopies to block the sun from the south. However, if the 
primary axis runs north-south, the sunlight can reach every room. In 
the northern hemisphere, north-facing rooms are justifiable only 
when the building does not have a corridor. 

Systems 

A single row of rooms is generally uneconomical, and is only 
justified for deep office spaces where daylight is a problem -> (3). A 
double row of individual small rooms, all with daylight, was 
previously used in most office buildings -> @. A three part 
arrangement is typical of high-rise office buildings -► ©. In city 
centres in the USA, designs without corridors evolved. In some, all 
rooms {with either natural or artificial lighting) were grouped around 
a circulation core containing elevators, staircases, ventilation ducts 
etc.; in others, services were located on the periphery -» @. 

Outside the city centre, another US system had a large work 
space in the centre, with sound insulation, ventilation and lighting in 
the ceiling; small offices with daylight were placed around the edge. 
These combined offices were used in Scandinavia after the mid- 
1970s. As in the US system, the floor plan was normally 16-18m 
deep. They were also built as a large open-plan office or as separate 
offices divided into three rows -► (7). 

Daylight can usually be used up to a distance of 7.00 m from the 
window. New daylight technology systems (see section on daylight) 
which convey and change the direction of the light (prisms and 
reflectors) can make more efficient use of daylight. 

A schedule of accommodation is shown ->® which compares five 
alternatives in order to obtain quantifiable information about floor 
area requirements. (1) A standard separate office, 1.25m grid module, 
three module spaces only. (2) Deluxe separate office, grid module 
1.50m, various widths. (3) Open-plan office, room depth 20-30m, 
floor area up to 1000m 2 . (4) Group offices for 15-20 employees, 
workstations no more than 7.50m from the facade. (5) Combined 
office, ail single rooms approx. 10m 2 with a common area 6-8m deep. 



Types of offices and 
'— comparison of floor area 
requirements 





























PRINCIPLES 

Typology 





(2^\) According to building codes, there must be escape 

stairs no more than 30 m from any point in a non-work 
room. It is best to calculate the distance of the 
staircases as 25 m from the site boundary and the 
distance between staircases as 50 m @ 


Large office buildings are 
usually multistorey structures 
with moveable internal walls 
» (p. 92). Service cores, 

containing plumbing, staircases, 
elevators etc., are generally 
located at the maximum 
distances specified by the 
building regulations. Service 
cores can be placed at the front 
of the building > (T) + ( 2 ), to one 
side within the building > ( 3 ) - 
(5), at interior corners -» ( 6 ) + ® 
- @ + © + ©, at the end of a 
passage » ®,©,@),@,< 8 > or 
between corridors next to a light 
shaft -*©-©, in order to main¬ 
tain the greatest possible length 
and continuity in working 
spaces. A simple central rows of 
columns (T)+ ( 2 ) allows for a 
corridor on one side or the other 
according to space require¬ 
ments. A double row of columns 

-> ® - ©. In such cases the 
corridors may be lit directly by 
high-level windows and/or by 
glass doors in the corridor wall. 
Daylight in the corridor may be 
provided economically by 
overhead skylights in buildings 
with wings -> © + ©, and those 
that are short -* @, angled @, 
T-shaped -»© or U-shaped * ©. 

Lateral illumination of 
corridors by recesses is less 
economical > ® + ®. On deep, 
expensive sites it is best to 
locate corridors, service rooms, 
archives, toilets and cloakrooms 
on interior courts or atria >@- 
©. Elevators and toilets can be 
located at the interior corners of 
stairwells. Dark rooms, strong 
rooms and storage rooms 
should be in dark areas -*■© + 
©+®. 

The area required to connect 
functional spaces in office 
buildings is the circulation area. 
In a closed plan, this is the 
corridors between rooms; in an 
open plan, it is the paths 
through the workstations. Path 
widths need careful consid¬ 
eration, especially when they 
are part of an escape route. 
Disability access considerations 
include the width of doors and 
circulation routes, wheelchair 
turnaround clearances, and the 
slope and length of ramps, etc. 

£jCO C3|op< jo 0 OtioQOEH 

aiobe suq iGudfp 04 igtuba' etc* 
slope and length of ramps, etc. 

Fire safety is a primary 
consideration in the planning of 
circulation routes, and should 
be considered at an early stage. 
The main considerations are the 
width of escape routes, the 
distance to be travelled, provis¬ 
ion of alternative escape routes 
and the avoidance of dead-end 
corridors. The plan must 
comply with local statutory 
safety requirements 
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PRINCIPLES OF TYPOLOGY 

1950s-1960s 





Architect: Wittiam LeBaron 
Jenney, 1879 


® 


Open-plan office, Leiter 
Building I, Chicago 




Berlin 



First open-plan office with 
270 workstations in Germany 
(5th floor, former warehouse) 




Building concepts I 

The relationships between office organisation and spatial design 
have been classified in a field study in the USA which provided a 
benchmark for changes in office structures as a result of office 
automation. 

Open-plan offices are suitable for large groups of employees 
with a high degree of division of labour, performing routine 
activities with a low level of concentration. Nowadays, open plan is 
more the exception than the rule. The concept was developed in the 
1960s to provide efficiently organised, multipurpose areas, based on 
arguments such as transparency and clarity of working processes, 
and the development of a group spirit. Data processing equipment 
was kept in separate rooms and was not available at each 
workstation. Extremely deep offices (from 20 to 30 m) resulted in the 
use of expensive services technology that became unsuitable when 
the building use changed. Modern requirements, such as windows 
which open, lighting and environmental control, and electric power 
suitable for partitioned spaces all limit potential flexibility. 

Sociologists have attested to the implicit coercive nature of 
open-plan offices, which is caused by social control, reliance on 
technical equipment, and visual and acoustic disruptions. This has 
led to a rejection of this type of office by employees. 

Separate offices are suitable for independent work requiring 
concentration, and also for multi-occupant offices for very small 
groups constantly exchanging information. They are still used for 
certain workstation requirements, and in multistorey office buildings 
where the structural form of the building is so dominant that it 
determines the spatial and organisational features of the 
workstations. 
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Flexible office. Rhine Province 
Regional Insurance Institution 
HQ, Dusseldorf 


J2) G+J Publishing Company, Hamburg 









working floor area ancillary 

2500-6000 m 2 ?£? r A rea , 

100-200 m 2 


V^iln; .J 


O". 


Tl ^ VX~ ,'J 



functional diagram 


Architect: Striffler, 1977 

(T3) Group office, OVA insurance, Mannheim 


S' slight subdivision of 
v, multi-occupant offices 

can be divided according 

/ to organisational requirements 

I ' Max distance to 

/N, window 

1 core // / cri _ 

\ i 7.50 m < 

\ f/M J size „ W 

\ If max: 250 m 2 1 

\ l^J m ' n: 150m 2 ' 

access 

from corridor 

(u) Requirements for group office 


0 





group office 


first phase, 

office building in Bremen, 1987 


meet- | 

; n o 9 om h> 



second phase 
Architect: Kohlbecker 




group offices Q 

Group offices connected m 

V '—^ via small flexible zones 

and partially zoned for ^ 

group offices when 

required 


small rooms, 
“• fixed; 

.—, small rooms, 
— 1 flexible; 
secretarial 



□ □ 

ill 

■ 

BBl 



core with access 

D 

zoned 
group 
O offices 


Key: 

I—i small 
rooms; 
□ group 
offices; 

- lift; 

9 main 
staircase; 
o ancillary 
rooms; 
x office 
services; 
< access to 
ground 
floor 


PRINCIPLES OF TYPOLOGY 

1970s 

Building concepts II 

The reversible office was an attempt to improve the open-plan office 
system, which was felt to have many drawbacks for users. These 
included no individual environmental or daylight control, and visual 
and acoustic disturbances. Larger areas were subdivided into separate 
offices, which are better for work requiring great concentration, and 
this began a move toward greater flexibility. In addition, skyrocketing 
energy prices also cast doubt on the desirability of open-plan offices. 

Changes in working structures as a result of new technologies (such 
as personal computers) made it possible to organise work in small 
groups. Group offices (small open-plan offices) are suitable for teams of 
clerical workers who constantly exchange information. They also allow 
greater flexibility for individual decisions about the working 
environment because of their smaller size (max. 7.50m to window) (see 
earlier notes on changes in the workplace). Fully localised 
environmental control is not necessary; back-up control methods can be 
used, in addition to ventilation fins on facades and heating surfaces. 

Methods of reorganisation include remodelling the building, 
providing daylight through courtyards, clear subdivisions in the floor 
plan to create workstations with uniform standards of light, ventilation 
and noise protection, or the use of office equipment that can quickly be 
adapted to fulfil new technical functions that entail more electrical 
cables and complex connections, as well as dividing the space. Raised 
floors and movable partitions often provide an easy way to adapt a 
building in terms of services, communication and space division. An 
example of space reorganisation after employee dissatisfaction is 
provided on the next page {-> @ - @)). Although it is still a popular 
trend, the open-plan office appears to be useful for very few 
organisational forms or types of work. The prime objectives at 
Bertelsmann were to improve the quality of the workplace while 
retaining the flexibility to adapt to new office technologies and group 
reorganisation, and to use the working space economically and reduce 
operating costs. 

Building concepts III 

Recent trends aim to provide a spatial design that is appropriate for all 
the individual office requirements of an organisation. That means 
providing a space that is flexible when required, allows for group 
work, and includes individual rooms for work requiring concentration. 
It should also provide equipment that can be used both separately and 
collectively by groups, and which is particularly well-suited for high- 
quality independent work while allowing workstations to change 
according to daily requirements. 


group office concepts @ - (J8) 


k group offices 

'Architects: Alberts and Hunt, 1987 


NMB Bank, 
Amsterdam 


SMS building, 
^ Diisseldorf 



Architects: 
Eller, Maier 
and partners, 
1984 


Architects: Jourdan, Muller, et al„ 1988 


J Architects: Kramer, 
^^2 4 Sieverts and 


typical floor; 100% open-plan offices 


typical floor with 64% separate 
offices, 13% internal usable 
floor area 


(16) Provincial State Central Bank off Hesse, Frankfurt am Main 


(l9) Flexible office, Dortmund City Administration 
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PRINCIPLES OF TYPOLOGY 

1980s-1990s 




Architects: Lennart Bergstrom AB, Stockholm, 1978 Architects: Strunk and partners 

[20) Combined office. Zander & Combined office unit. 



In general, modern office buildings tend to fall into three categories: 
closed plan, open plan, and modified open plan. Selection criteria 
include: 

• the amount of planning flexibility required; 

• the amount of visual and acoustic privacy required; 

• initial and life-cycle costs. 

Closed-plan offices have full-height walls or partitions dividing the 
space into offices with doors. Private offices are typically located along 
the window wall. Administrative support is housed in workstations 
along corridors or in shared rooms. The advantages include a 
controlled environment, security, visual privacy, physical separation, 
external views, and traditional and systems furniture applications. 
Disadvantages include lower efficiency than in an open-plan office, lack 
of flexibility, especially in responding to changes in office technology, 
the high cost of relocation, restricted individual and group interaction, 
and the fact that more extensive mechanical systems are required. 

In open-plan offices, all workstations are located in an open space 
with no ceiling-height divisions or doors. Administrative support is 
located in rooms with floor-to-ceiling partitions and doors. The 
advantages include efficient space utilisation, greater planning 
flexibility, ease of communication and lower life cycle costs. 
Disadvantages include higher initial costs, no visual privacy, no 
external views and less environmental control. 

Modified open-plan offices combine elements of both the others 
by positioning certain workstations in an open plan with systems 
furniture, and others in private offices. Administrative support is also 
located in enclosed rooms. 


(22) American Can Company HQ, Greenwich, Connecticut 





1 lobby 

2 lounge 

3 office 

4 meeting room 

5 recording studio 

6 storage 

7 document 
conveyor 

8 air conditioning 
shaft 

9 open-plan office 

10 central courtyard 

11 escape ladder 

12 roof terrace 




1976: completion of phase one of the 
administration building {VI} for 
Bertelsmann > @ @ 



< 2 j\ Complete re-arrangement of 
^ workstations, 1985 
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CALCULATIONS: CONSTRUCTION 


floor slab in B25 
d = 20; better d = 25 


underside of floor 


circular 

columns 


columns, e.g. for three storeys ! 
at least 24 x 24cm 
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JO 
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section through floor 



© 


1 ^ Structural system: asymmet¬ 
rical double-span beams 


underside 
of floor 

... 


--L 

non-load- 
bearing 

partitions H 
e.g. for built-in 
cupboards or t 
corridors 
internal 
partitions 

- 4 80 5Q *0 



© 


Structural system: multi¬ 
span beams 


Floor spans building. Main beams run 
longitudinally in centre, with columns at 
side within corridor area, separated from 
corridor wall. 

Unlimited flexibility; reversibility. 

- Sufficient corridor width required for 
clear passage between columns and wall. 

Suitable for structures without 
suspended ceilings or on top of car¬ 
parks with access lanes running the 
length of building. 


Floor stressed the length of building. 
Main beams run across building from 
external columns over centre columns 
to external columns. 

- Unlimited flexibility; reversibility. 

- Additional sound insulation required 
due to low floor density (suspended 
ceiling, floating composite floor). 

- Suitable for structures above car¬ 
parking with access lanes running the 
length of building. 


■: solid RC 
- i slab in B25 
at least 
' j d * 16 cm, 
__ U better 
il d = 20cm 


■HI 


i n 

i columns, e.g. 

J for_3 storeys 24 x 24 cm 

! I (min for in situ concrete) 


. section and 
underside I 
I of floor | 


k --=11 

| alternative: i 
■ i 24 cm load- U 
_ w y bearing masonry, 
to o H providing longi- j*| 
« t 11 tu ^' na * bracing U 

24 60 


I 


• 4.80 




underside of floor 



reinforced concrete 
columns, e.g. for three 
storeys 30 x 35 cm 


; i flexible internal 
i I construction elements 
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Structural system: triple-span 
beams 


© 


Structural system: T-beam 
ceiling 


Floor spans building. Main beams run 
length of building in centre span on both 
sides of the corridor. Corridor wall can also 
act as bearing/stiffening panel to increase 
longitudinal rigidity. 

- Masonry corridor wall cannot be changed; 
limited flexibility of depth of space. 

- Min floor thickness 20cm (impact noise 
insulation) if suspended ceiling or floating 
composite floor not used. 

- Not suitable above car parking. 

Economical to use corridor wall as 

bearing panel. 

- Increasingly economical for greater 
building depths and distances between 
columns in the length of the building. 


Main beams: uninterrupted span, 
without central columns, between 
external columns. 

- Unlimited flexibility; reversibility. 

- Suspended ceiling required. 

- Services run across building between 
webs. Longitudinal installation through 
holes in beams almost impossible. 

- Uneconomical overall structure, high 
main beams (also in steel structure), 
large building volumes, only for 
superstructures without columns. 
Reduced main beam height of 60cm, 
structure sensitive to vibration with 
high degree of deflection. 


The structural members of the building have a strong influence 
on the possible ways in which an office area can be divided > 
©-®* A clear floor-to-ceiling height of 2.75m permits the later 
installation of raised floors or suspended ceilings. Ceilings can 
be 25cm lower if most activities are carried out while seated, 
but the clear height should not be less than 2.50m. Corridors 
and toilets can be 2.30m high, but must have space for ducts 
and pipes. The economic efficiency of load-bearing members 
depends far less on the optimisation of individual components 
than on their integration into a functionally efficient building 

Beam systems may be longitudinal or transverse -» ©-@. 
This example of the range of design approaches is based on a 
reinforced concrete floor with a span of 6.50m. The cost and 
weight of the span affects the choice of supporting structure and 
foundation. A greater floor thickness has advantages because the 
optimum rigidity of the structure will be maintained if the 
loadings vary. 

A ribbed floor is economical only for larger spans. Although 
it is light weight, it costs more for sound insulation. It is not 
possible to cut through ribs, and openings cannot be introduced 
owing to the limited space between ribs. Double-T or Pi-shaped 
slabs or beans are structurally better for large spans. Transverse 
service ducts should be located in the floor in corridor areas •-* 
®-©l The facade plane may be located either behind, between 
or in front of the structural plane. The maximum flexibility of 
space is achieved if the external skin is independent of the 
structure of the building. 

With interior columns, cantilever floors {with curtain walls) 
can even up the loads on the columns. Rigidity is provided by 
the use of wall plates, multistage bracing, and solid access 
cores with secondary zones on the ends. 

Solid dividing walls can replace columns and main beams in 
some parts of the structure, and the inclusion of panels helps to 
improve rigidity -> ©-©}. Fixed openings should be specified 
in advance to prevent later problems. Lightweight partitions 
have the advantage of being movable and also permit later 
decisions concerning the division of space. 



tions by 
frame bracing 



Four ways to distribute the 
floor load to columns and 
the core zone for three-part 
structures 






© 


Structural 


connections and division of office floor space 




* -• - 


F 


fit 


H II I 

G H 

A-H: influence of design on ability to 
subdivide office space with movable 
partitions. A-B: external columns; 
C-E: columns within or immediately 
behind facade; E-F: internal columns 
(possibility to create corners G-H) 
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CALCULATIONS: BUILDING TECHNOLOGY 


344 




use of static pressure 





© Ail 
^ tei 


Air movement due to 
temperature gradient 


cooling 







Floor/wall section: 


/ 0 \ Air conditioning technology, u ( 8 ) / * 

t 2 J heating and cooling © Heatm9 pa " el: Cap '" arV ma ' W di ' dd <"9 



3 J Air conditioning with localised element cooling 



4 j System section for Klimadrant® Control of air to individual desks 



average 

{%> 

range 

{%> 

lighting 

40 

i 10 

elevator and 
conveyors 

6 

± 2 

low voltage 
equipment 

1 

± 0.5 

heating, cooling 
and ventilation 
systems 

47 

± 15 

lavatories 

2 

± 1 

kitchen facilities 
(electric) 

2 

± 1 

cleaning and 
waste disposal 

2 

± 1 

total 

100 
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Energy costs of service 
plant in an office building 


The gross volume of space 
needed and the total construct¬ 
ion cost mean that fully air- 
conditioned buildings are 1.3-1.5 
times more expensive than non¬ 
air-conditioned buildings, i.e. 
those which are naturally 
ventilated * ©. 

A ceiling height of 3.0-3.10m 
is suitable for buildings with little 
service equipment, no suspen¬ 
ded ceilings and heating pipes on 
an exterior wall. Electric power 
should be supplied through ducts 
in window sills or floors, and the 
power supply for ceiling lights 
through conduits or partitions. 
Corridor areas should also be 
used for ducts and pipes. 

A ceiling height of 3.4m is 
suitable for a building with some 
service equipment, but without 
ventilation equipment. Ducts 
under the floor in corridor areas 
(h = 32cm) should be used for 
heat, electricity and water. 

A ceiling height of 3.70m is 
suitable for office buildings using 
ventilation equipment. A duct 
height of at least 50cm is needed 
for air-conditioned offices, with 
long ducts in the corridor area. 

Open plan offices need a clear 
ceiling height of only 3.00 m. 
However, the ceiling height 
should be 4.20m if ventilation 
ducts are to be installed. All 
height-related building compo¬ 
nents affect the cost of the 
building in relation to its usable 
office floor area. 

Air-conditioning systems with 
capillary tube mats use water and 
the principle of localised cooling 
-> @ + ©. The air intake is 
equivalent to the minimum air- 
change rate. Comfortable cooling 
is achieved by radiant protection 
and displacement ventilation 
without turbulence (expanding- 
air ventilation). This creates a 
flow of fresh air (with outlets near 
the floor and at the base of 
furniture), a cushion of warm air 
at the ceiling, and an air flow 
through the room -♦ (5) caused by 
the temperature gradient (main 
surfaces 32°C at the ceiling, 20°C 
at each wall). 

Radiant heating from panels in 
combination with an air intake 
system may be sufficient for 
heating * (6). Such a system uses 
less equipment and thus increases 
the usable floor area. The cost of 
air conditioning with localised 
cooling compares favourably with 
the cost of conventional air 
conditioning. The advantages 
include no draughts, quiet, lower 
investment and operating costs 
(the volume of water that has to be 
conveyed is 1000 times less than 
the volume of air for a closed 
system with the same output and 
heat recovery), a reduction of the 
space required for services (water 
instead of air) and a smaller 
energy plant. Raised floors are 
required to achieve the necessary 
room ventilation and for installing 
services to areas with a large 
amount of equipment. There is an 
increased demand for space for 
services (cables, office auto¬ 
mation), and a need to guarantee 
flexibility when functional 
processes change * 0 + (8). 

The selection of a heating, 
ventilation and air conditioning 
(HVAC) system is usually based 
on performance characteristics, 
system capacity and the avail¬ 
ability of space to accommodate 
the equipment. 

































CALCULATIONS: DIVISION OF SPACE 


1875 ! 1875 ( 1875 | 1875 , 1875 ( 1875 | 1875 | 

I 765 | 780 j 780 | 765 ^ 850 | 780 | 850 | 780 ^ 850 j 780 | 850 , 780 ; 620; 1085 | 780& 



yiwiiii w 

word- room with in <* workroom 

processing double desk 

office 

With standard desks {size 0.78 x 1.56m), a division of 187.5 is suitable for a ribbed/slab-and-beam floor 
having a 62.5 grid module (Koenen floor) with normal formwork. Better for movable partitions 


1875 ___L_ 1875 | ^75 , 1875 | 1875 | 1875 ■ 1875 j 1875 

[ 815 } 700 )?*) 845 j 700 1 700 | 845 850 j 700 | 750 , 700 j 750 | 700 | 750 | 700 [ 750 j 7001875 


a d 


a ll a ll ai a a 




Individual office within a 
combined office 


Modular desks {size 0.70 x 1.40 m, Velox system). By combining modular desks with Velox continuous 
table with filing units below windows instead of filing cabinets { ->(T)), one grid module in every five 
was saved. Desk clearance of 75 cm is possible only when swivel chairs on casters are used. 

-(J87S t 1875 ,1875 , 1875 , 1875 , 1875 , 1875 } 1875 , 1875 , 1875 | 1875 , 1875 , 1875 | 1875 , 1875 , 1875 , 

cy\ U ff n\ i' □! ri m r-T 


fl a l a l 
a 0 c I1 





]. D d U d D d 



Division of space using modular desks. Various office spaces in open-plan office system: a) manager, 
with small meeting or conference room; b) assistant or departmental head; c) secretary, receptionist; d) 
senior clerk dealing with public; e) work rooms (working groups) 
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T'y'l Division of combined office, 
with outer individual offices 
and related common areas 
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© Section through office space 
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Section through individual and shared rooms in a combined office 
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Architects: Struhk and partners 
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OFFICE BUILDINGS 


CALCULATIONS: FLOOR AREA 
REQUIREMENTS 
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CD 


singie/group office 

normal 

maximum 

depth of office 

3.75 7.50m 

9.25 m 

dist. between windows 

1.00 3.25 m 

6.00 m 

dist. between columns 

1.75 7.50 m 

11.00 m 

main corridor width 

1.75 2.50 m 

3.25 m 

side corridor width 

1.50 - 2.00 m 

2.50 m 

height of office 

2.50 4.00m 

5.00 m 


standard dis¬ 
tances between 
centre-lines of 
walls 

7.50 m —»(T) 

6.25 m -^©and® 
5.00 m 
3.75 m—© 


- 11/2 = D = depth of 
^ daylight entry 


©; 




Rule of thumb: 

1.5H W 
-» text 

I-4 80-1 

r -4.40-4 

wu 

11=5::.:; 


4 x 1.20 = |4,80j 4 x 1.20 = |4.80f 

Minimum dimensions for 
two-person office 


general 
lighting only 

average 
level (lux) 

at work 

station 

corridors, toilets, 



ancillary rooms 

30 


stairs 

60 

- 

archives 

120 

250 

clerical work. 

250 

500 

post room, 



kitchen 



tech, drawing 

600 

1.000 

laboratory 


4.000 


fresh air 
m 3 /h/person 

to VDI 

requirements 

to ASHRAE 
guideline 

10 

non-smoking; 


10 27 

heated air 
when < 0°C 
outside 

office space 

20 30 

non-smoking 


26 34 

30 40 

smoking 


34-51 


smoking 

51 68 


exec, office 


/'g'N Light levels in office 
^ buildings 


(10 


Typical ventilation 
requirements 


- 3.60 4.20 — 

pin boards, book shelves 
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Possible layout of a small room in a combined office 
(perhaps, home-based) 


Office area requirements are calculated in two parts. 

0) People space is calculated as (standard individual space x 
number of people) + allowances for immediate ancillary 
needs + a factor (usually 15%) for primary circulation. 

(2) Non-people space (e.g. machine rooms, and libraries and 
the like for which fittings and equipment sizes are more 
important than staff numbers in setting the area 
requirement) should be calculated by informed estimates 
based on existing good practice or comparable examples 
+ an additional factor for primary circulation. 

Figures for the average floor area requirement for each 
workstation and employee in an organisation (including 
office equipment and space to operate it), not including 
management, have roughly the following distribution: 

30% 3.60-4.60 m 2 

55% (average 8.5m 2 ) 7.00-9.00m 2 

15% >9.00-15.00 m 2 

The space requirement per employee clearly depends on a 
number of factors, e.g. type of work, use of equipment and 
machinery, degree of privacy, level of visits made by 
outsiders and storage needs. The average workstation floor 
area requirement until 1985 was 8-10m 2 ; in future it will be 
12-15m 2 . Although a minimum floor area requirement for 
office workstations has not been defined, the following 
guidelines should be followed: separate offices, minimum 
8 -10m 2 (according to the grid module); open-plan offices, 
minimum 12-15m 2 . 

A representative calculation of the space requirement for 
a workstation is as follows: 

work room, min. 8.00 m 2 floor area; 

free circulation space, min. 1.5m 2 per employee, but 

min. 1 m wide; 

surrounding volume of air, min. 12m 3 when most work 
is done while seated, min 15m 3 when most work is done 
while not seated. 

The following floor-to-ceiling heights are recommended for 


floor areas of: 

up to 50m 2 2.50 m 

over 50m 2 2.75 m 

over 100m 2 3.00 m 

over 250 and up to 2000m 2 3.25m 


An American study (Connecticut Life Insurance) indicates 
the following requirements for floor area and space to 
operate office equipment (personal floor area + an 
additional 50cm on all sides): 


office employee 4.50 m 2 

secretary 6.70 m 2 

departmental manager 9.30m 2 

director 13.40 m 2 

assistant vice president 18.50 m 2 

vice president 28.00m 2 


The depth of a room depends on the space required for an 
individual in a multi-occupant, open-plan, group or office 
room. The average depth of office space is 4.50-6.00m. 
Daylight illumination reaches work workstations to a depth 
of approx. 4.50m from the window (depending on the 
location of the office building, e.g. in a narrow street or in 
an open area). Rule of thumb: D = 1.5H W , where D is the 
depth of light penetration and H w is the height of the 
window head (e.g. H w = 3.00m, D = 4.50m). Workstations 
located in the deepest third of the room require artificial 
light. Working groups often have to do without daylight 
penetration, since they may be allocated to deeper rooms if 
that is required by the building layout. 

The width of corridors depends on the occupation of the 
space and the area required to move equipment. Generally 
speaking, it should be possible for two people to pass each 
other. 
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CALCULATIONS: FLOOR AREA 
REQUIREMENTS 


0 Minimum room width according to window grid modules 


According to standard dimensions relating to 
the varied space requirements in office 
buildings, the minimum distance between the 
centre lines of windows or window columns is 
1.25m. The resulting distances between the 
centre lines of partitions are 2.50m, 3.75m, 
5.00 m etc. -> ®-®. These offer considerable 
choice in positioning furniture, and are flexible 
enough to fulfil almost every requirement. If a 


J 


Oo 


a 


I - s 


u, 

it 


5.15 1 

grid module 1.20 m 




Usable floor area is based on 
the principle of office units 
arranged in a row along the 
facade or some variant thereof, 
with office size determined by 
rank or function. 

user usable floor area in office 

One senior staff member with a need for 
discretion regarding personnel or social 
services, or needing to be able to 
concentrate approx. 12 m 2 

Two senior staff members {perhaps with 
seating provided for a trainee) or one 
employee with a conference table for 
about four people approx. 18m 2 

Manager with a conference table for 
about six people, or three senior staff 
members or secretaries, or two senior 
staff members with additional 
equipment or a workstation, or a room in 
front of the Director's office with a 
waiting area 24-30 m 2 

Section leader's office or functional 
room containing a great deal of 
equipment larger than 30 m 2 


® 


Number of occupants for 
various office sizes 


larger module is needed, the spacing shown in 
® should be selected. 

The largest grid module for office buildings 
is 1.875m; the figure shows some 

examples of the many efficient ways to 
position furniture. Beam spacing according to 
the standard dimensions of 625mm or 1,25m is 
also suitable for this centre distance, and every 
third beam will coincide with a facade column. 


(^T) Possible arrangement for different window grid modules 


1.20 m grid module 

The standard room size of 
18 m 2 (3 x 1.20m less 0.10m 
for the partition) corresponds 
to a 3.50m room width, which 
is too narrow for standard 
furnishings for two employ¬ 
ees (2 x 1.00m clearance plus 
2 x 0.80m depth of desk = 
3.60 m). The two-grid-module 
room, 2.30m wide, is too 
narrow for one senior staff 
member with seating for a 
visitor. Deeper workstations 
with video display units and 
other special equipment 
require the next largest room 
(4.70m). 

1.30 m grid module 

A room 3.80m wide, corres¬ 
ponding to 18m 2 usable floor 
area, allows for an additional 
filing cabinet, two video 
display stations 0.90m deep, 
one drawing table or drawing 
machine and one desk, and 
one desk and conference table 
for four people. Such an office 
is very flexible, and will 
accommodate workstations of 
all standard office sizes without 
any need to move the walls. 

1.40grid module 

A room 4.10 m wide, i.e. 3 x 
1.40 m less 0.10 m for a 
partition, provides excellent 
possibilities for furnishing and 
more flexible use. A room 
depth of 4.40m, providing 
18m 2 floor area (i.e. 4.10m x 
4.40m), is normally sufficient 
for special uses or greater 
demands on space. Increasing 
the room depth to 4.75m 
increases the usable floor 
area of a three-grid-module 
standard room to 19.5m 2 (i.e. 
4.10m x 4.75m). 
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OFFICE BUILDINGS 


CALCULATIONS: SPACE FOR FURNITURE 



© 


Traditional chair 


{^) Swivel 


chair 





Rows of tables with /Tg\ Rows of tables with filing 

circulation behind viz racks to rear 



(^) Swivel 


chair on casters 



Individual tables with filing 
racks to rear 





© 


Rows of tables in blocks 
with staggered seating 



(l2) Blocks with in-line seating 



(l3) Filing cabinets 


© Filing cabinets with 
passageway 


(l5) Pigeon-holes 



A wide range of office 
furniture is available. The 
suitability of furniture for 
any office is influenced by 
its flexibility, adjustability, 
durability, IT compatibility, 
storage space, ergonomics, 
aesthetics and cable 
handling. 

The space required while 
seated and standing is used 
to calculate the minimum 
clearance between individual 
desks or tables (preferably a 
minimum of 1 m), depending 
on whether they are placed 
against walls or other tables, 
or in front of filing cabinets. 

Windows placed high in 
the wall provide satisfactory 
illumination deep into the 
room, which allows efficient 
use of space and access to 
the window ledge -> ®. 
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CALCULATIONS: SPACE FOR FURNITURE 



(?) Hi9h de,k for card index; ( 4 ) Double unit ® 

1500 cards in each box 7 


® 


Cabinet for storage of 
various standard size cards 


and diskettes 



> 



© 


Service counter 

A: with passage behind it 

B: with adjoining desk 


© 


Service counter with desk 
facing clients (Swedish 
style) 


© 


Individual counter units; 
can be separated 



42 


' 62 h 



(lo) Stackable filing cabinets 



© 


Roll-front cabinet 


2 39.5 


1 . 46 ^ 



Filing cabinets that can be 


combined in rows 


47-50 



Cupboard with space to 
hang clothing 


Many furniture systems in 
contemporary offices are still 
designed according to standards 
in use since 1980. In addition, 
furniture units such as simple 
work tables and desks that 
incorporate filing systems are 
still used. Because of the 
increasing use of VDUs and 
keyboards, European standards 
for workstations specify a 
surface height of 72cm high. A 
new desk measuring 140cm x 
70cm x 74cm ■> (2) has been 
introduced, together with the 
standard desk whose dimen¬ 
sions are 156cm x 78cm x 
78cm. The requirements include 
adjustable workstation height, 
protection against vibrations, a 
sound-absorbent surface and 
foot rests with ergonomically 
correct height, preferably 
adjustable. 

Chairs should be adjustable, 
with castors and upholstered 
seats and backs. Properly 
contoured back support for the 
lumbar curve is essential in an 
office chair. It should also 
provide firm support for the 
lower part of the back and the 
upper thighs. Many combinat 
ions of typewriter stand and 
desk are available, ranging from 
space-saving units to built-in 
systems. 

lilioa §ccjjixes §ocj c§tc| 

aAsjGUje* 

systems. 

Filing, archives and card 
indexes may use cabinets 
without sides, usually in steel 
units of standard dimensions. 

Counters for transactions 
with a person standing on the 
other side are generally long, 
and should be 62cm wide and 
approx. 90cm high -> (6). If a 
counter is only 30cm wide, its 
height should be approx. 
100cm -> (7). In public areas of a 
building where high security is 
required, this makes it difficult 
for any person in front of the 
counter to reach anything 
behind it -» (7). Clearance to 
stand and deal with members of 
the public should be provided 
behind the counter p.362 
©-©■ individual counters are 
easier to reorganise since the 
floor space is more flexible -> (8). 

Some counters and switch¬ 
boards, e.g. in reception areas, 
hold VDU terminals and probably 
keyboards. Their design should 
take account of this. 



© Cupboard for employees' 
clothing 





CALCULATIONS: ARCHIVE SPACE 





© 


Pull-out shelf with 
telescopic runners 






Pull-out rack for suspended 
files 



© 


Pull-out shelf for diskettes 



Rack to hold suspended 
files parallel to front 



Supporting rail for centre- 
mounted suspended files 
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. furniture space/ 
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aisle space 
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. furniture space/ 
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aisle space 
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<0 

9 

furniture space 

10 

aisle space 

<0 

furniture space 

C 



© 


Circulation/furniture areas for various filing systems 



© Large Velox archival shelf 
(section and plan) 



i in—i 


B horizontal files 


Handling times: 

Comparison of flat and vertical files 



flat 

vertical 

remove file 

29% 

14% 

sort files 

41% 

66% 

replace files 

30% 

20% 


100% 

100% 


© Filing systems 


In spite of new office technologies, the use of paper as the main storage 
medium for information has increased. Paper consumption doubled 
every 4 years until 1980. Computer memory has now become a more 
common way of storing information in office communication systems, 
but the need for what is known as uncoded information (printed letters, 
texts, periodicals etc.) means that paper will continue to be used. 

It is necessary to arrange stored documents in a clearly labelled 
system, with short circulation routes and efficient use of space. Space 
should also be available for archives -> ©. As cabinet widths increase, 
the aisle between cabinets should also get wider. 

L x W (filing equipment) = space for furniture 

+ V 2 L x W + 0.5 = aisle space 

Total requirement = space for furniture + aisle space 
Deep filing cabinets are more economical. The diagram in -»(n) shows 
the relationship between furniture floor area and aisle space required 
for a vertical filing system using large archival shelves (Velox system) or 
a flat filing system. The floor area needed for a vertical filing system is 
5.2m 2 , and the aisle space should be 4.6m 2 (100:90). For flat filing 
systems, the floor area is 3.2m 2 and the aisle space 3.6m 2 (90:100, ratio 
reversed). Flat filing systems cannot hold as much as vertical ones, and 
high shelf units are hard to organise. Vertical files may reduce staffing 
levels in the filing section by 40%. Hanging files use wall space 87% 
better than box files -» ®. An efficient way to move files is by 
paternoster elevator. Workstations should include shelves for sorting, a 
small table and a chair on castors. 

The filing room should be centrally located, and the best window grid 
module is between 2.25m and 2.50m. Since a clear height of only 2.10m 
is required, three storeys of filing could be fitted into a space which would 
only take two storeys in normal offices. Dry storage rooms are essential, 
and therefore attics and basements are unsuitable. 

Narrow shelves -4 ® and ® with hanging fifes and a writing 
surface can provide a functional connection between workstations. 
Trolleys can be used either as writing surfaces or for card-index boxes. 
Movable filing systems give substantial space saving (100-120%) by 
eliminating intermediate passages -» ®B. There are no fixed 
standards for filing systems. They are usually adapted to suit 
individual requirements, such as registries, archives, libraries and 
storage areas. The increase in load for each square metre of floor 
space must be taken into account. File shelving may be moved by 
hand or by mechanical means. In some designs, the entire filing 
system, or only parts of it, can be locked by one handle. 




flat filing in 
loose-leaf binder 
on open shelves 
35 x 200 

library: storage 
in letter 
organiser in 
roll-front 
cupboard 

40 v 125 x 220 

combined 
vertical and 
suspended filing 
in folders, units 

65 >. 78 x 200 

10000 files approx. 
2mm thick (without 

1) continuous cabinet or 
wall length 

7.25m 

11.00m 

2.4 m 

holders); approx. 

25 sheets each 

2 ) floor area (m 2 ) 
including operation but 
excluding side passages 

5.92 m 2 

8.25 m 2 

3.6 m 2 


^T4j Space required by different filing systems 

-- 1.57 - 1 
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(16) Con,inuous ,able5 (fi) Section , © 

with trolley V© 7 w 

box files (equal nos 
of documents) 


© Wall space needed 
for suspended and 
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(T) Preferred and permitted area of reach 






values in brackets are target values 



Type 1 workstation 
adjustable-height table 
adjustable-height seat 

women men and wo m en 


T (630-kbl-1730-kb) (630-kbM780-kb) 

S 420 - 460 420 - 500 


Type 2 workstation 
fixed-height table 
adjustable-height seat 
adjustable-height footrest 

women men and women 


T (700-kb)-(730-kb) <750-kb)-(780-kb) 

S 460 - 500 500 - 550 

P 0-100 0-150 


Type 3 workstation 
fixed-height table 
adjustable-height seat 

women men and women 


T (640-kb)-(800-kb) (680-kb}-(800-kb) 

S 420 - 460 420 - 500 


T=table height 
$ = seat height 
P» footrest height 

kb=height of keyboard above table top 


CALCULATIONS: WORKSTATIONS 
WITH COMPUTERS 

Workstations equipped with a computer must 
accommodate at least a visual display unit (VDU) and an 
alphanumeric keyboard. There is no standard for such 
workstations because the requirements vary widely 
depending on individual work processes (e.g. from a simple 
networked terminal for enquiries to stand-alone systems for 
data entry and manipulation, which in addition to the VDU 
and keyboard may also have disk drives, scanners, printers 
and other peripherals). These workstations should be 
designed according to national safety requirements and 
generally accepted technical standards for good practice 
based on an understanding of ergonomics. 

Workstation design 

Items that are used frequently should be placed within the 
preferred field of vision and reach area —> (T) — (3). 

The best working position is when the person is seated 
with the upper arm perpendicular to the floor and the 
forearm at a 90° angle. The thighs should be parallel to the 
floor with the lower leg at a 90° angle -> @. The table and 
chair must be adjustable to allow proper positioning for 
users of different heights. Two ergonomic systems are 
equally acceptable. 

A: Type 1 workstation 


Adjustable-height table 

60-78 cm 

Adjustable-height chair 

42-54cm 

B: Types 2 and 3 workstations 


Fixed-height table 

72cm 

Adjustable-height chair 

42-50 cm 

Adjustable foot rest 

G-15cm 


Sufficient leg clearance should be provided -> ©. 

In work areas, all items of equipment close to the user 
(on the desk top, etc.) should have a 20-25% reflection 
factor. Illumination should be between 300 and 500Lx, and 
glare from lights must be limited (e.g. by providing specular 
louvred ceilings above VDU stations). Arrange lighting 
strips parallel to the window. Matt surfaces in the room 
should have the recommended reflection factors (ceiling 
approx. 70%, walls approx. 50%, movable partitions 
approx. 20-50%). 

The worker's line of sight to the monitor should be 
parallel to the windows and to any lighting tubes; the 
monitor should be between these if possible. It is necessary 
to install blinds to control daylight at visual display 
workstations. 

Follow local recommendations for environmental 
control and noise protection. The increased use of heat¬ 
generating electronic equipment in offices tends to result in 
the need for additional cooling to maintain a comfortable 
temperature. 

The impact of information technology 

Employment usually required attendance at a place of work 
because the materials and tools were there, and the work 
needed to be supervised. However, advances in information 
technology mean that the 'material' for most office work 
(information) can be transmitted electronically. The tools of 
office work are increasingly a telephone and a workstation, 
both of which can be installed at home. Innovations in 
communication technology are gradually having a major 
impact on how the work environment is defined. It is also 
freeing many workers from geographical constraints. The 
free-address workstation is becoming a technical reality, 
with portable voice and data links to anywhere in the world. 
However, the free-address workstation has implications for 
both people and organisations, such as the need for 
increased social interaction and new management 
techniques which are able to cope with a widespread 
workforce. 
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OFFICE 



Architects: I.M. Pet & Associates 

Rental offices; 93% rentable floor 
Vs —'^ area. Public circulation vertically. 
Asymmetrical design allows small 
rooms and large open offices 



Architects: Skidmore, Owings & Merrill 
/'g'N Typical floor-plan for open offices; 

^ lavatories separated. External columns 
allow furniture to be positioned 
anywhere. 17.50 m free span 



Architects: Skidmore, Owings & Merrill 


Design without corridor, service core at 
^ one end. Manager's office accessible 
from open office 


Architect: Phil Johnson 



Architects: V. Gruen & Associates 

/pN Steel skeleton acts as rigid load- 

^ bearing structure; no need for bracing 
with wall panels. Vertical fins, east and 
west; horizontal sun shades, south 

• | • —, J ^ —l— Hi” i m 

^ f tl" 

• ■ jo°k| gr 

•:* . > . 1". 


t J Architects: 0. Apel, 

* Skidmore, Owings & Merrill 

© Ground floor public space; three-storey 
north wing for offices 


Architect: H. Kosaka 

/p\ Open offices with closest possible direct 

^ access to fireproof strong rooms. Service core 
in centre minimises circulation space 


Design with _ 
four separate ^ 
departments __ 
that can be - 
extended L 
with extra 
floors with no 
effect on other 
blocks 


*• 1 

i* _ 




Architect: 0. Apel 


Architect: A. Jacobsen 
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/pN Parts separated according to main functions (J). Public circulation on 

' J ground floor; meeting rooms separate from main building 


Single-storey building with 
' offices on periphery. Confer¬ 
ence room and secretarial 
open onto garden court 

The placement of general 
expansion joints depends on 
the type of structure, 
foundations, ground cond¬ 
itions, etc. They are usually 
between 30 and 60m apart. 
Joints are generally required 
to accommodate movement 
safely, e.g. structural move¬ 
ment, or thermal expansion 
and contraction. 

• The simplest design 
uses reinforced concrete 
to erect paired columns 
that are covered to 
protect against weather. 

• Cantilevered floors and 
expansion joints between 
the two cantilevers are 
subject to the greatest 
stress. 

• Complex designs, e.g. 
with connected buildings 
and parapets, usually 
create enormous stresses. 

/pj\ Wind force on high-rise 

buildings causes areas of high 
or low pressure that can force 
rainwater in through window 
joints or cracks in walls 



Architects: Skidmore, Owings & Merrill 

(To) Very deep, subdivided offices. Secretary or receptionist and senior clerks have open or enclosed workstations 
with access to corridor. Artificial ventilation and lighting 
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OFFICE BUILDINGS 

Examples 




Normal double-range of rooms, economical 
design; disadvantage: structural grid 
dictates office modules 




© Single-range building that is economical 
because of 10.0 m deep rooms; central 
vertical circulation connects the two parts 
of the building 




Pair of piers on ground floor allows through 
access. Floor supported by two longitud¬ 
inal main beams projecting 5.50 m 



+ 124 40 





Load-bearing structural towers —> (5) with pre-stressed floors 
with spans up to 24 m but only 0.75 m in depth in between 


(If) Section * (4) 



© 


Architect: Sc he Her 

Curved rows of rooms give 
better lighting and 
ventilation 


Architect: Rosskotten 




Interior circulation areas and 
rooms have only artificial 
light and ventilation 



Architects: Hentrich & Petschnigg 


Lift arrangement makes 
structure widest in the 
circulation core 


© 



High-rise buildings 

The first high-rise buildings were 
office blocks. Lower floors usually 
contained shops and stores with 
sales areas throughout and no atria. 
Office areas were located above, 
and were often set off by a different 
scale and choice of materials. 
Vertical circulation components, 
lifts, stairs and service rooms in a 
central location had only artificial 
ventilation and lighting. New 
possibilities were provided by 
stepped buildings with stairway 
and lift towers situated immediately 
to one side. 

High-rise buildings are intended 
for continuous human occupation, 
and have a floor on the top storey 
on at least one side of the building 
that is more than 22 m above 
ground level. Window sills must be 
at a height of at least 0.90m above 
floor level and be fire resistant. 
Window surfaces that cannot safely 
be cleaned from inside the building 
must be cleaned by experts, using 
exterior equipment. High-rise 
buildings should be divided into 
fire compartments that are 30m 
long and enclosed by fire-resistant 
walls. Escape routes from each 
room on each storey must be 
provided via at least two 
independent staircases. Alternative 
escape routes within limited travel 
distance must be accessible from 
the fire to a protected zone. One 
stairway must have external 
windows on each floor. In high-rise 
buildings, some staircases should 
be constructed as fire-fighting 
staircases with smoke outlets, 
vents and fire-resistant, self-closing 
doors. The effective width of 
stairways and landings depends on 
the function of the building, but 
must be at least 1.25m. Emergency 
stairs must have an effective width 
of at least 0.80m. 

A frame construction of steel or 
reinforced concrete is the standard 
structure for high-rise buildings. The 
need for flexible spaces with large 
spans is making masonry construc¬ 
tion obsolete. However, the size of 
span depends on material and 
design. A solid reinforced concrete 
floor can have a span of 2.5-5.5 m, 
and a ribbed floor 5.0-7.5m, both 
with a maximum 12.5m between 
main beams. The effective span of 
pre-stressed concrete is 25.0 m, but 
only with 0.75m structural depth. 
The exterior wall should be a curtain 
wall in front of set-back external 
columns. In both steel construction 
and assembly units, steel main and 
secondary beam systems make 
assembly easier but shorten the 
possible spans. A mixed design with 
a steel frame and concrete floors is 
often used. 
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Some of the world's tallest structures 



© 


Economic efficiency range of structural systems 


OFFICE BUILDINGS 

Examples 


Skyscrapers 

New York City passed a new planning law in 1982 to regulate 
skyscraper construction. Its provisions represented an attempt to 
come to grips with dense traffic, 3 million commuters daily, and 
town-planning aspects such as maintenance of street spaces, 
expansion of public sidewalks and subway entrances, pedestrian 
traffic, availability of daylight and micro-climates (3). 

Structural engineering for skyscrapers 

Structural systems and vertical-access elements are of decisive 
importance when designing skyscrapers. The ratio of usable 
floor area to construction costs worsens as building height 
increases. Structural areas and circulation spaces occupy more 
of the building. Dividing skyscrapers into sections with 'sky 
lobbies', served by express elevators where passengers can 
change to local elevators, minimises the space required for 
shafts and reduces travel time. 

Economic efficiency depends on the 'sway factor', i.e. the ratio 
of the maximum allowable horizontal deformation at the top to 
the total height of the building (max. 1:600). Horizontal forces 
(wind) are much more important than vertical loads when making 
calculations for very tall buildings. Ninety percent of horizontal 
deformations result from shifting of the frame {'shear sway'), 
while 10% come from the leaning of the building as a whole. 
Frame construction with special wind bracing is impracticable 
beyond ten storeys. Conventional framework systems result in 
uneconomical dimensions above the 20th storey. Reinforced 
concrete framework structures are limited to ten storeys without 
bracing walls and 20-30 storeys with them. Higher buildings 
require concrete pipe or double-pipe construction. 

Factors determining whether a building is economic include 
use of materials, appropriate design and efficient structural 
engineering methods -» (2). The John Hancock Center, Chicago, 
1965 -> (T), was the result of an economical structural approach 
by Skidmore, Owings & Merrill. The visible structural 
components were part of the design concept. Use of the pipe 
principle significantly reduced the use of steel. Its efficiency of 
operation is due to its multiple uses: floors 1-5 have shops, floors 
6-12 are parking spaces, floors 13-41 are flexible-use offices, 
floors 42-45 have technical facilities and a sky lobby, floors 46-93 
are residences, floors 94-96 are for visitors and restaurants, and 
floors 97 and 98 house television transmission equipment. 

New York's Department of City Planning has issued a 
brochure that contains examples of how statutory requirements 
attempt to guarantee sufficient daylight and circulation space in 
spite of the increasing volume of construction. 






Equitable Building, 120 Broadway, built in 1916 before the first zoning regulation 
The 1916 regulation required a specific ratio of street width to building height. That 
led to the typical 'wedding cake' skyscraper 

The plot ratio as a regulatory instrument was introduced in 1961. The initial limit 
was 15 

At the same time more street space was required, resulting in the tower over a 

plaza. The Seagram Building is shown here 

Plazas received a bonus that increased the plot ratio to 18 


6 The use of plazas would have meant the destruction of avenues in some cases, so 
the system of running public roads through buildings was developed. The plot 
ratio was increased to 21.6 

7 More recent regulations once again deal with daylight, with one alternative 
involving a daylight curve for a plot ratio of 15 

8 Another alternative depends on the dimensions of the unobstructed skyline {plot 
ratio of 18) 

9 The most recent daylight chart may also be used (plot ratio of 18) 



© 


CD - (9) Zoning laws indicate permissible building volumes 
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Examples 




© 


Typical floor, plinth area, 
101 Park Avenue, 

New York City (48 storeys) 



0 


Ground floor, 1985. 
State of Illinois Center, 
Chicago (17 storeys) 




© 


2 ) Typical floor 


Skidmore, Owings 
& Merrill 



(J) Typical 


floor 



© and (2) Curved surfaces reduced wind load by up to 25%, 
and also saved 10% in structural steel. 

© and (4) Office tower taking the geometry of its plan from 
the triangular shape of the site on which it is built. 

(5) and (§) Part of site transferred to public use in return for 
a planning gain increasing the number of storeys. 

(7) and (§) Recessed facade in the arc of a circle creating a 
new plaza. The rotunda is an enclosed atrium. 



© 


Typical floor, tower portion 


© 





Office floor 


Architects: 
Murphy/Jahn, 
Lester B. Knight 
and Associates 



Architects: Hugh Stubbins & Associates, 
Cambridge, Massachusetts 



© 


AT&T headquarters. New 
York. Typical floor, 1984 


10 


Typical floor, Citycorp 
Center, New York 


(15) Lloyd's of London, floors 4—7/ complete floors, 1986 
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section L elevation 

Architects: E. Eierman! 

Section of high-rise office building and training centre, including high-rise 
accommodation for trainees. Centre includes secretarial department, classrooms, 
computer suite, sales offices, service areas, and underground level with outdoor 
parking places for cars. Administration high-rise has office space, technical facilities 
and access to archives and environmental control (cooling and re-cooling plant) . @ 


Deutsche Olivetti, Frankfurt am Main, 1972 
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Reflectors throughout the low 
levels reflect daylight into the 
atrium hall —» (4)- (6) 
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Jufiiiia 



iiaNBWMWlI 


ill 





Storeys are staggered 
within the office spaces 





centre □ 

B cafeteria 

C administration 

D accommodation 
for guests 


o o 

_ 

• o o 

(IT) Upper floor, upper banking hall 




emergency staircase 


Typical floors in towers. Space is suitable for both separate and 
open-plan offices > (T) 


Architects: Foster Associates 

Typical three-bay floor, Hong Kong & Shanghai Bank, 1986 
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OFFICE BUILDINGS 

Examples 



® 


Offices on floors 5-25 
(core 309 m 2 } 



© 


Sky lobby, second floor 



© 


Lobby on ground floor 




© 


Offices on floors 26—40 
(core 231 m 2 ) 



© 


Offices on third and fourth 
floors (core 307 m 2 ) 



© 


Technical plant, first floor 



A high-rise office block project in 
Frankfurt am Main, 1990. was the 
outcome of a competition. The offices 
were to be let. Most of the ground floor 
area was kept open, and the plinth floors 
recall the requirements of New York 
City's zoning laws. A striking effect in the 
urban space was an important criterion 
in appraising the entries to the 
competition. The building has 51 
storeys, including 45 floors of offices, 
and is over 200m high. Gross usable 
floor area is 66081 m 2 . (J[) (K). 



(jP) Section -> (T) - (8) (To) Perspective view 



Millennium Tower, Tokyo : study commissioned by 
Ohbayashi company. Anchored in the sea, 2 km 
outside Tokyo, on an artificial atoll 400m in diameter. 
Usable floor area designed to accommodate 50000 
people. Office space is included in part of the tower 
at a height of 600m. Building diameter at ground 
level is 130 m. Lifts for 160 passengers provide 
express transport to the five 'sky centres' where 
passengers can change lifts to gain access to 30 
other storeys. The pipe-like construction, involving 
multiple concentric rings, has foundations 80m deep 
in the sea. A dynamic balance regulation system that 
uses weights and water tanks, automatically 
controlled according to wind measurements, has 
been designed to counterbalance movements of the 
building caused by wind pressure. The result is a 
slimmer structure using less material > 0), @ and 



Architect: 
Foster, London 


Eiffel Tokyo HSBC Bank of 

Chrysler 

Standard 

Hancock 

Empire 

Sears 


Tower Tower Building China 

Building 

Oil 

Tower 

State 

Tower 


(V3) Comparative heights of well-known buildings 




Building 


/0\ Millennium 
^—' Tower, Tokyo 
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banking hall 
writing desk 
desk, clerk 


(O) Customer circulation in 
^ large banks 


banking hall 
partition 

securities 

department 

stairs to 
strongroom 

partition 
lobby leading 
to strongroom 
partition 


(^T) Routes to strongroom 


bank 

strongroom 


customers' 

strongroom 


service room, toilets, etc. 


bookkeeping and accounts 


cash counters: securities, foreign 
exchange, cheques, giro 


BANKS AND BUILDING SOCIETIES 

General Requirements 

The requirements for the construction of a bank vary and depend on the nature of the bank's 
business (e.g. a high street bank with a large number of customers or an institution that 
handles large-scale investments and corporate work). In general the function of a high street 
bank is to allow money, whether in cash or some other form, to be paid in and withdrawn. 
Procedures must be transacted as quickly, securely and simply as possible. 

Customers enter from the street outside, and then pass through a lobby, if appropriate, 
into the banking hall. The latter is often fitted with bench seats or chairs for waiting 
customers and small writing desks for customers, and has various positions for conducting 
transactions. 

Desks for accounts and bookkeeping staff are usually behind the service counters, where 
transactions are verified and related operations are dealt with -> (T). Cashiers nowadays have 
individual terminals that display the the customers' account details. Other areas serving 
customers, such as managers' offices, credit and auditing departments, are usually in the 
rooms leading off the main banking hall, often with separate anterooms, or on an upper floor 

If the bank has safety deposit boxes, access from the banking hall should be via a 
partition, usually past the securities department and safe custody department, often one 
flight down, to a protective grille in front of the lobby leading to the strongroom containing 
the boxes. In smaller banks the strongroom may be divided behind the door into two, one 
part for bank use the other for customers -> p. 361 ®. Larger banks normally have a separate 
bank strongroom next to that for customers. Offices of safe custody departments are in front 
of the entrance to the bank strongroom and have a separate staircase to the banking hall or 

secure lifts. -> © Other basement areas must be accessed 
by a separate staircase. They can provide space for 
lets',' etc. 1 4 - s^g k e s n ^ r a nce cloakrooms, storage, heating and ventilation plant, 

_ _ communications equipment and so on. 

)unts auditing BuiIding societies have existed in the UK since the end of 

—_— manager department the 18th century. They are societies of investors that accept 

-—■— - investments, paying interest on the deposits, and lend to 

foreign group ^ 

giro meeting department people building or buying properties. The investors are 

room either member-shareholders or simply depositors. They 

_L_ -J supply the funds from which the house purchase loans are 

- \ / made. The operating basis of an incorporated and 

permanent Building Society resembles that of a bank so 

or on other floors . 

both have similar requirements in terms of building design. 


or on other floors 


(3^) Relationships of rooms in large banks 


waiting room, mortgage transactions 
offices on either side; at the end of 
central corridor to be visible to visitors 


transactions 
offices and 
clerks' offices 
on either side 
of waiting 
room 


mortgage 

processing 

office 


negotiations 
department 
next to 
waiting room 


cloakrooms 
for men and 
women, 
separated 
from 
business 
offices by 
hall and 
stairway 


filing department, near negotiations and 
transactions; direct access to dispatch 
department; wide staircase to cellar 
document storage, next to document 
elevator, near main staircase 


dispatch department, between filing 
and bank filing, near main staircase, 
next to document elevator 


bank filing 
department, near 
bookkeeping, next 
to dispatch 


service counters 
dayiit by hall 
skylight 

hall: circulation 
intersection, 

. requires close 
supervision, 
including from 
upper floor gallery 

- bookkeeping, 
behind counters, 
next to interest 
department 


director's office with private 
meeting room, opposite 
manager's office 


two manager's offices opposite directors, private 
meeting room and clerks' offices; near stairway 


clerks' 

offices next _ 
to director v. 
and opposite 
manager 


director's 
office with 
access to 
gallery and 
private 
stairway 


reserved rooms 

L-J 


directors' secretary 
} documents lift, opens on two sides 


security station at intersection of 
circulation routes: view of main 
staircase, lift, waiting room and gallery 


l waiting room, near main staircase 


conference room in centre of 
bank but away from business 
circulation routes; window 
overlooks garden 



consultation room, 
next to conference 
room, away from 
circulation routes 


private stairs trustee's office interest department, next 

with lift to near strongroom to counters and 

upper floor stairs to bookkeeping, exit to 

basement banking hall and 

strongroom stairway 


cloakroom with 
staff toilets 


(designed by author for the Mitteldeutsche Hypothekenbank in Weimar) 

Practical relationships of rooms in a large building 
^ society/mortgage bank, ground floor 


(IT) Upper floor 


359 







OFFICE BUILDINGS 


There is a trend towards open-plan layouts in modern 
banks and building societies. This is intended to provide 
more room for the customers, making them feel 
comfortable and welcome. Since bulky protective screens 
are now almost unnecessary, large additional areas can be 
opened up for customer use. 

Over recent years bank design has evolved to 
accommodate the following ideals: 

• A 'shop-like' retail environment. 

• Fully glazed or open frontages to create a more 
inviting image. 

• Services that are dealt with as products to be 'sold' by 
staff trained to deal with customers in a friendly, 
attractive environment. 

• More space given over to the customer and designs 
with better use of light and colour, prominent 
merchandising and designated sales, comfortable 
waiting areas and private interview rooms. 

Open-plan principles 

The idea of open planning is to bring staff and customers 
much closer together and build up customer loyalty. The 
aim is to generate an environment for improved service and 
with it enhanced business for the bank. Pugh Martin, an 
architect working with Barclays Bank, listed the following 
guiding principles relating to a high street open-plan bank. 

• Maximise space given over to customer: move 
service counters as close to perimeter walls as 
possible; reduce space for support staff and 
equipment. 

• Minimise space for processes and secure areas ('back 
office' functions are increasingly being moved from 
branches and centralised). 


BANKS AND BUILDING SOCIETIES 

Open-plan Layout 

• Maximise potential for 'selling' financial products: by 
re-locating counters and non-sales functions, wall 
and floor space is released for displaying product 
literature and advertising material. This makes it 
possible to deliver coordinated marketing campaigns 
easily seen by the customers. 

• Create personal contact space for dealing with 
financial products: allow for specialised, sometimes 
purpose-built, self-contained desks at which trained 
staff can deal face-to-face with customers. 

• Achieve an open, inviting and customer-friendly 
environment that brings the customer in easily, 
makes each service easy to find and enables the 
customer to circulate throughout the bank 
comfortably. 

Cash dispensers 

Cash dispensers (or automatic teller machines, ATMs) are 
now a universal feature of modern high street banks and 
building societies. They can sit inside the bank or face into 
the street, the latter allowing customers access to their 
account details and funds 24 hours per day. 

Cash dispensers are usually built into the bank fagade 
and they need to: (1) be at or near ground level to allow for 
easy public access, (2) allow access from the rear to bank 
staff, (3) not disrupt window frames, sills or horizontal 
banding, and (4) correspond to the rhythm and scale of the 
fenestration above. Sometimes, cash dispensers are placed 
at the side of the building, which helps to solve the problems 
of disabled access and of obstruction of the pavement if 
queues form at busy times when the bank is closed. In larger 
banks, a number of cash dispensers can be set in an 
adjoining lobby that is open to customers at all times. 
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0 

height 

30 

30 

40 

40 

50-120 

a> 

width 

50 

50 

50 

50 

0 

<j> 

0 

0) 

depth 

24 

38 

24 

38 

38 

0 

height 

17 

17 

27 

27 

37 -107 


width 

37 

~W 

37 

37 

37- 47 

C 

depth 

16 

30 

16 

30 

30 



(?) + ( 2 ) Sizes of typical wall safes 



si?e 

e 

H 

xterio 

W 

r 

D 

i 

H 

iterio 

W 

D 

1 door 

150 

70 

50 

137 

57 

41 

2 doors 

195 

95 

50 

182 

82 

41 



Document cabinet with 


internal safe 


Floor safe for bookkeeping 
documents and cash 



2.02 


© 


Roll-front cabinet for valuables 



Bank deposit boxes rented out 



(To) + (?) Strongroom surrounded by neighbouring walls 


BANKS AND BUILDING SOCIETIES 
Safes and Strongrooms 


external dimensions 

interna! dimensions 

number of 

height 

width 

depth 

height 

width 

depth 

shelves 

50 

50 

45 

35 

35 

33 

1 

60 

50 

45 

45 

35 

33 

1 

80 

60 

45 

65 

45 

33 

2 

100 

60 

45 

85 

45 

33 

2 

120 

60 

45 

105 

45 

33 

2 


,12) Small money cabinets: typical sizes 


external dimensions 

internal dimensions 

number of 

height 

width 

depth 

height 

width 

depth 

shelves 

120 

70 

60 

97 

55 

39 

2 

155 

70 

55 

125 

50 

34 

3 

195 

95 

60 

172 

80 

39 

4 


13) Fireproof document cabinets: typical sizes 


In general, wall safes are metal boxes built into the walls 
and hidden behind wallpaper or a painting. They are used 
to protect valuables in both domestic properties and 
business premises. © + (2) 

To store valuable and confidential paperwork securely, 
businesses make use of steel document cabinets -■-> many 
of which also contain a safe and are fireproof. Floor safes are 
used for secure storage of petty cash and documents 
Valuables that are rarely used are best kept in a rented safety 

vaiuauico mai ciic? mu/iy uol/Vi ci i uujl i»i ka » w 1 uutviy 

deposit box in the strongroom of a bank -* 

Bank strongrooms should be designed to prevent 
criminals from breaking in forceably. The enclosing 
structure and door must be able to resist penetration for 
sufficient time to thwart potential intruders. Structures 
enclosing strongrooms should, therefore, neither adjoin 
neighbouring spaces (i.e. no party walls) nor be built in 
seldom-used areas of the bank, and must not have earth 
below. Experience has shown that intruders otherwise have 
ample time to work in the unsupervised location and reduce 
the wall to a thin layer that can then be quickly broken 
through. Therefore, if a strongroom is not surrounded on all 
sides, including above and below, by parts of the bank that 
are in constant use, it must be an independent structure that 
is surrounded by a free space allowing full supervision. 

Tests have shown that a 1:3 mix concrete with specific 
mineral additives offers better protection than masonry. A 
proficient mason equipped with sharp chisels would need 
over 12 hours to break through a 40cm thick wall of that 
type, compared with only 9 hours for a hard-fired brick wall 
with 1:3 mortar. Iron reinforcement barely slows down a 
thief (hardened rods can be broken with a hammer and 
normal rods can be cut out) so the added cost is not 
justified. 

The most economical way to enclose a strongroom is by 
50cm of 1:4 concrete, which would require 20 hours to 
break through. Assuming an 8 hour working day, a thief 
would have only 16 hours available. However, in the worst 
case, with a Sunday and two holidays, thieves could have 
88 hours and since modern electric and pneumatic drills are 
increasingly powerful, strongrooms are always vulnerable. 
Therefore, they should be inspected frequently outside of 
official business hours and this can be done using 
electronic listening devices that can notify the watchman's 
station at the bank, or the closest police station, of the 
slightest noise occurring outside of business hours. 
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customers' side 



customers' side 

TooTc IT 

cashiers' side £ 


© with desks 



© 


Sawtooth 
counter 
arrangement 
with desks 
at sides 


BANKS AND BUILDING SOCIETIES 

Strongroom doors 

To withstand any attack, strongroom doors are made from 
toughened steel plate with fireproof and non-melting 
reinforcement, and are typically 27-30cm thick. The 
armoured doors pivot smoothly on steel hinges and the 
edges are machined to fit exactly into the reinforced door 
surround. They do not have keyholes, instead using 
elaborate remote-controlled locking devices, and are 
usually protected by electrically operated alarm systems 
that are triggered by the slightest vibration of door. 

Cashier positions 

The cashiers' counter is provided with an electric alarm 
system operated by foot or knee to guard against potential 
attack. Money is held securely in standard steel cabinets, 
usually underneath the counter. 

Drive-in banks 

To save time, customers do not go into bank but drive up to 
an external cash point that may either be manned or 
automated. This avoids parking problems. The cash points 
can be integrated in bank building or built separately on 
islands. Each cash point can serve up to 250 customers per 
day; transactions can take as little as 60 seconds. However, 
a normal banking hall is also needed for lengthier business 
transactions. 



microphone 


© German cash desks 


cashier positions are usually completely protected with bulletproof reinforced glass 
(> 25 mm thick) to prevent criminals jumping over the counter; similar protection over 
sunken drawers (8) 



© Swedish type cash desk 


Drive-up cash point, no 
parking 


a-b m 

© Drive-up cash point kiosk 



Cash point below pavement with 
y customer service shaft (snorkel 



bank) 


^2^ Twin cash points; islands 
to ease traffic flow 


Cash points as 
for through traffic 
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© 



Town centre arcade: glass- 
covered connecting corridor 
(for daylight); much longer 
than its width or height 


connection 


bus stop 

parking 

garage 


© 


Arcades should be integrated 
into main pedestrian flows in 
the town centre -> (5) 


detour 




arcade as a circulation space 
between two existing or new 
buildings 



most common: arcade through 
a new or existing building 


© 


Position of arcades 


straight line 



straight tine with dome dog-leg 



sequence of spaces similar 
to town squares 




single-storey structure 

__ 


multistorey structure 
__ 



single-storey structure 
with gallery to basement 


© 


Main pedestrian level is 
usually the ground floor 


with gallery to upper floor 


with gallery to basement 

r a 



to upper floor and to basement 


© 


Plan of routes followed by 
arcades 


Multistorey structures 


GLAZED ARCADES 

Typology 

The glazed arcade is a building type which is both interesting 
and popular in contemporary architecture. Arcades may be 
on a single level, slope gently to follow the contours of the 
site, or have a split-level arrangement to change levels. 
Arcades are through routes intended exclusively for 
pedestrians. They should be accessible around the clock as 
semi-public routes. Arcades can have a multiplicity of uses 
(retail sales, mixed sectors, etc.). Therefore facilities that will 
attract customers outside normal business hours should be 
encouraged. Glass structures are supported by steel, 
aluminium or laminated wood beams. 




Architect: Gottfried Bohm, Cologne 

Arcade of department store 
in Dudweiler 




pitched only in pitched over 

the middle entire width 

(T 2 ) Possible coverings 


£h 


supported on adjoining 
structures 


—T^r-~ 


independent structure between  (horquilla fijay carretilla + horquilla + 0,5 m 
Altura de los estantes (según mercancias almacenadas) 


Almacén de estanterías manuales una planta hasta 3 m ( hasta 6 m) 
(dos plantas) 


mín, 0,75 т 


Almacén paletizado con funcionamiento hasta 6 m 
de carretilla elevadora 
Almacén de estantes elevados con apiladora hasta 9 m 


de horquilla 
Almacén de estantes elevados con grúa apiladora | hasta 25 m 


(7) Dimensiones básicas para almacenes (según normativas alemanas) 


Preparación de pedidos (picking) 

Se entiende por preparación de pedidos (o picking) la selección y 
el embalaje para su envío de artículos del almacén que pertenecen 
a un pedido. Se distingue el picking en una fase (específico del 
pedido) y en dos fases (con zona de preparación intercalada para 
el almacenaje intermedio y la clasificación de los artículos de varios 
pedidos). 


Sistema de preparación Sistema de preparación Sistema de preparación А И . 220 
de pedidos: de pedidos: de pedidos: El proceso funciona de modo flexible, sin o con ayuda técnica 
Disposición estática Disposición dinámica Disposición dinámica y tá A en кал ч 1,0 
Movimiento unidimensional Movimiento unidimensional Movimiento bidimensional Simple, según sistema “hombre va a mercancía” > Ө, imagen 1, 
Retirada manual Retirada manual Retirada manual i af i {| Ati 
Entrega descentralizada Entrega centralizada Entrega descentralizada con mejor rendimiento, mediante transportadores semiautomáticos 
y o automáticos e infraestructura compleja según sistema “mercan- 
(4) Soluciones alternativas para la preparación de pedidos cía va a hombre” ~» Ө, imágenes 2 y 3. 
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Palé plano 
| (DIN 15141, RAL RG 993) 


Cajas de palés de malla plegables 
(DIN 15155) 


Palé plano con realce 
(DIN 15148/49) 


{ i (DIN 15142) 
‚ Palé plano con tubos de apilamiento 


(1) Palés y accesorios 


NZ 


(AA 


Ай 
кй 


№ 


РФ 
XIX] 


146 uy 


NI 


г —1,8-,68 — 


A 


ncho carretilla 
elevadora 
+2х0,5 


-0,85-0,45-0,85--- 440,854 


12) Estante de paletizado con carretilla elevadora (horquilla móvil), alzado y sección 


e 


Carga: 1-8 t 


1-1,8 Altura de elevación: hasta 6 т 


С |8 
Lal 
+—— 239 — 


Carretilla elevadora con horquilla fija y móvil, alzado y sección 


14) а) Almacén universal con grúa apiladora, Б) Nave almacén con estantes para 
paletas fijos, с) Instalación de estantes elevados 


Box-palé con tapa y laterales abatibles 


(carretilla elevadora estantes elevados < 9 m) 


INDUSTRIA 
TECNOLOGÍA DEL ALMACENAMIENTO 


Dispositivos de almacenamiento 

Los dispositivos de almacenamiento sirven agrupar los bienes en 
unidades de carga para el aprovechamiento máximo del espacio y 
la capacidad de transporte, al igual que para evitar transbordos. 
Los dispositivos de almacenamiento más populares son cajas 
modulares apilables de chapa de acero y plástico, palés (planos, 
con realces y sus accesorios) y, cada vez más, contenedores 
Para simplificar el transporte internacional se desarrolló, dentro del 
marco europeo, el palé estándar de transporte (europalé: 800 x 
1.200 x 144 mm) con diferentes realces para el apilamiento > Ф. 


‚ Los palés normalizados pueden intercambiarse sin transbordar la 


carga. Se han desarrollado diferentes órdenes de modulación para 
embalajes, transportes y almacenamiento partiendo de las dimen- 
siones del europalé. 

Debido al uso variopinto y la fuerte solicitación, los dispositivos de 
almacenamiento están sujetos a múltiples exigencias de calidad 
(DIN 15141 y ss., DIN EN 13382, DIN EN ISO 445, RAL RG 993). 


Chapa lateral 

Marco de etiquetado 
Listón retención 
género a granel 


Gavetas para piezas 
pequeñas 


revestimiento 


Estante 


(5) Estantería de baldas rectas Ѕіѕіета Ға. Hofe 
Sistemas de almacenamiento Я 

A la hora de planificar un almacén es de decisiva importancia la 
elección del sistema físico de almacenamiento, que depende de 
la calidad, cantidad, peso y frecuencia de cambio de lugar de la 
mercancía almacenada, al igual que de la organización del almacén 
y los medios de transporte. Los sistemas de almacenamiento están 
sujetos a múltiples normativas. 

El sistema tradicional de almacenamiento en naves industriales es la 
estantería de plataformas o baldas rectas > Ө como estantes 
para pequeñas piezas, que se cargan y descargan a mano. La eje- 
cución se realiza con sistema de unión con tornillos o clavijas (p. ej., 
angulares ranurados), estantes de chapa de acero, paños de rejilla, 
cajones o puertas. Son razonables hasta una altura de unos 4,5 т 
(con nivel intermedio transitable) y cargas de hasta 250 kg/balda. 
Para solicitaciones mayores o más altura se prestan los estantes de 
palés en sistemas modulares con perfiles en U y doble Т. Se han 
impuesto distancias entre soportes de aprox. 2,8 m (adecuadas para 
tres europalés adosados). Si se utilizan carretillas elevadoras, las 
alturas apropiadas llegan a 6 т > Ө. Las anchuras de los pasillos 
de servicio se rigen por las dimensiones y los tipos de la carretilla 
utilizada (horquilla fija, horquilla móvil) y las exigencias de la norma- 
tiva alemana sobre este tema (anchura de vehículo + 2 х 50 cm) > Ө. 
Para conseguir grandes densidades de mercancía se realizan a 
menudo almacenes de estantes elevados completamente auto- 
matizados y situados en lugares alejados del de producción, con 
grúas de apilamiento especiales, giratorias y hasta 25 m de altura. 
Los comercializan empresas especializadas, generalmente en forma 
de sistemas integrales (estantes y envolvente). 
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Generalidades 
Construcción 
de naves 
Construcción 
en altura 
Transporte 
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almacenamiento 
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Ejemplos 


Industria 


Oficios 


INDUSTRIA 


neralidades 
onstrucción 
de naves 
onstrucción 
en altura 
Transporte 
nología del 
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‚ pág. 275 Ө 
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к—85—4 85—44 


Haa 


155 —{}{-85-{-85-[-85--85-{ 


Ámbito de influencia < 100 m 


Aseo-lavabo 


+» 


100 


Unidad < 250 hombres 
Aseo s 160 mujeres 


Ámbito de influencia 


Inodoros con puerta de abertura 
hacia fuera · 


125 2058 —— 


Con puerta de abertura hacia 
fuera y urinarios 


125 —+— 200 —_—+— 


inodoros enfrentados con puerta 
de abertura hacia fuera 


185—4 


ө 


inodoros con puerta de abertura 
hacia dentro 


к—- 150 ~pa 165 ——ч 


Igual que — Ө con puerta 
de abertura hacia dentro 


150 —4125 —— 


Con puerta de abertura hacia 
dentro 


150 125 —— 150 —H— 150—4125 4— 150 — 


instalación sanitaria para 100 personas (mujeres 


y hombres, respectivamente), ejemplo 
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INDUSTRIA 
ESPACIOS DE SERVICIO 


Aseos 

Los aseos deben instalarse a una distancia del lugar de trabajo no 
superior a 100 m y, si no hay escaleras mecánicas, como máximo 
a un piso de diferencia. Además deben preverse aseos en el entor. 
по de locales de descanso, de salas de guardia, locales de aseo y 
vestuarios —> Ф. En caso de más de cinco empleados, deben 
disponerse con separación por sexos. El número necesario de re- 
tretes se determina con relación al número de empleados — @); las 
dimensiones y la distribución están representadas en las imágenes 
> Ө - Ф; los aseos sin barreras arquitectónicas se han de dispo- 
ner según DIN 18024-2 -> pág. 33 y ss. 

Los retretes están compuestos por un vestíbulo con lavabo (míni- 
mo un lavabo por cada cinco inodoros) y un espacio completa- 
mente cerrado con un inodoro como mínimo, a no ser que el aseo 
solo contenga un inodoro y no comunique con los locales de tra- 
bajo, de descanso, vestuarios, lavabos o sala de primeros auxilios. 
Las cabinas de los retretes tienen que poderse cerrar; en caso de 
utilizar particiones ligeras (cabinas no cerradas completamente), 
estas tendrán una altura mínima de 1,9 m y una separación del 
suelo de 10-15 cm. Los urinarios deben estar situados de modo 
que se impida la visibilidad desde el acceso. Un retrete no debería 
contener más de diez cabinas y diez retretes. En caso de ventilación 
natural, deben cumplirse las secciones mínimas para huecos de ? 
ventilación: 1.700 cm?/inodoro, 1.000 cm?/urinario, para ventilación 
através de ventanas en un único lado; 1.000 cm2/inodoro, 600 cm?/ 
urinario, en caso de poderse establecer una corriente de aire (pa- 
tinejo de ventilación y ventanas en el lado opuesto). 

Las instalaciones de ventilación deben dimensionarse con 30 m3/ 
inodoro у 15 m3/urinario (en total una rertovación del aire por hora 
cinco veces mayor como mínimo). 


Canalón colectivo 


enm 
Urinarios 
adicionales 
adicionales 
Cubos basura 


— ¡Vertederos 
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Urinario 
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Locales de aseo 

Locales de aseo que sirven para actividades que manejan sustan- 
cias tóxicas o muy irritantes para el olfato o con exposición al calor 
o humedad, Locales de aseo y vestuarios -> pág. 285 tienen que 
ser accesibles fácilmente los unos desde los otros. 

Por cada cuatro trabajadores (cinco en caso de actividades mode- 
radamente sucias) debe preverse un lavabo; dimensiones y distribu- 
ción > Ө - Ө, dimensionado según el turno con más personal. 


Lo 
сайи ы y 
| Я 


Fuente-surtidor para beber. AE Los locales de aseo especiales para personas con discapacidad 
@ Accionamiento con palanca Lavamanos corrido, sistema : + R М рага р А E 
manual, a menos de 100 m Rotter . deben estar equipados según DIN 18024-2 — pág. 33 y ss. Equipos 


del puesto de trabajo 


Ø137cm Рага 6:8 personas de aseo autorizados; lavabos (lavabo continuo, pilas y fuentes) y 

duchas. Lugares de lavabo, anchura x fondo mínimo 70 x 55 cm, 
т canto superior 70-80 cm sobre suelo, equipamiento con toallero, 
jabonera, toallas desechables y papeleras. Prever como mínimo 
una ducha; en caso de actividades muy sucias: el 30 % de los 
aseos con ducha; en actividades con sustancias tóxicas o muy 
117 irritantes para el olfato: una ducha por cada cuatro trabajadores; 
por cada diez lavabos: una pila para el lavado de pies. En caso 
de ventilación natural, deben cumplirse las secciones mínimas 
para huecos de ventilación: 400 cm2/m? superficie en planta para 


Surtidor 


Рейш de accionamiento ventilación a través de ventanas en un único lado; en caso de po- 
Lavamanos tipo fuente. derse establecer una corriente de aire mediante ventanas opuestas, 
© Бера para ве върна Ocupa un 25% menos de sitio 120 cm? (80 cm? en el caso de patinejos) para ventilación y extrac- 


ue el sistema lineal — Ө ~ F А М 4 j д 
Я 0-0 ción respectivamente, las instalaciones de ventilación deben 


dimensionarse para una renovación del aire de diez veces por hora 
como mínimo. 
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16) Expendedor de toallas de papel, Altura libre de las rosetas 
papelera y expendedor de jabón : de ducha 


кё--®--8-+& 


Espacio para estar de ple 


+358+— 100 — E 55 450--—=100 — К85+——110 -— 354 2: 70—— 108 -——+2704 
— 135 —1 ——— z 205 ————1 
© Lavamanos Ф Piletas рага lavarse los pies Ф Canal рага lavarse los pies Ф Piletas рага lavarse los pies 


EB+ BH 848 


+ 105+— 180 —+ 1054 1054 E 105-455 H 150 +55 105— +60+ 150 + 90-+ 90 + 
PH 360 -m 
Desagúe por canai Desagúe individual 


© Duchas semiabiertas O Ea me aca con espacio (15) rd шз con espacio Ф Bañeras 
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INDUSTRIA 
ESPACIOS DE SERVICIO 


Pasillo de 
circulación 


Vestuarios, guardarropas 


50 +—130 —H— 90 —= F50+— 110 —+— 80 ~= n P , 
q Los vestuarios son cuartos que sirven para cambiarse y guardar la 
11) ves 8 con ganchos para (2) Vestuarios con percheros А 
colgar la гора ropa de calle y de trabajo de los empleados. 


Los vestuarios son necesarios cuando los empleados llevan ropa 
de trabajo y no puede exigírseles que se cambien de ropa en otros 
espacios. ` 

Por lo tanto, deberían estar situados entre la entrada de personal 


50-504 t 50 + 90 — +50 +504 H50 4— 80 ~ 


Pasillo de circulación Pasillo de circulación y los puestos de trabajo, y ser accesibles a través de recorridos 
O Vestuarios con ganchos рага Q айо соп данны cortos. Los aseos y los vestuarios en espacios separados tienen 
colgar la ropa, autoservicio que comunicarse entre sí fácilmente. Los vestuarios tienen que 
amarnos planificarse con dimensiones adecuadas al número de personas 
da que los usan simultáneamente, y contar con superficie suficiente 
sentarse para vestirse sin inconvenientes. Si no puede incluirse un vestuario 
por empleado, se instalará una taquilla con cerradura para guardar 

Armarios roperos la ropa y efectos personales para cada empleado > Ө - @). 
retráctil Se han de separar los vestuarios de hombres de los de mujeres, no 


existirán corrientes de aire y estarán protegidos visualmente. 

Los vestuarios deben estar equipados con asientos y muebles que 

se puedan cerrar con llave para guardar la ropa de cada empleado, 

contenedores de basura, espejos y, en su caso, una máquina limpia 

zapatos. | 

Es preferible situar las filas de armarios y bancos en perpendicular 

ө КН р ы ө Жз р ж козо 100." 18034 a la fachada. A ser posible, los antepechos de las ventanas han de 
tener la altura de los armarios. 

Dimensiones mínimas para vestuarios > @ - Ө. 


pea Anchura de paso entre vestuarios=> Ө. 
| |> 0,03 т: 


рог 
Mesa |colgador 
100 


1 5 
2 20 


3 hasta 100 


4 hasta 250 
57 hasia 400 


170 


impulsión aire ` 


Armarios roperos de forma (10) Dos hileras de armarios roperos Armarios roperos con cubierta 


trapezoidal, sistema Rotter ventilados y bancos para sentarse inclinada y conducto de ventilación Ф Armario guardarropa estrecho 


Extracción de aire 
a 


205 


180 
s ” Armario ropero de dos hojas i 
Я є ; И Armario de taquillas y guardarropa (20 y 40 ст) para la ropa de calle 
@ Hilera doble de armarios © Armario de taquilas abierto Ф y la ropa de trabajo 
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Administración (1* fase) 


Plano de situación E 1:4.000 


; (1) Fábrica B. Braun Melsungen AG, Pfieffewiesen 
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(2) Nave industrial Hülden GMBH, Düren 


Administración (2* fase) 


INDUSTRIA 
EJEMPLOS 


Preparación de 


# 6 О pedidos/picking 
yA 
A О Empaquetado 
A 
: Salida 
A О mercancías 
¿e 
7 ә) 
Ө 
L 
A СЭ Almacén de estantes 
; elevados 
/ 
09 Aparcamiento 
A z4 
Lago naturai Puente —! mercancias 
Comedor > 
О de empresa 
i Q Vía de materiales 


Garita control de 
acceso principai 


Producción 


Central de energía Administración 


Selección 
manual Ventas 
Almacén con 
estanterías 
Entrada 
Acceso 
administración 


Recepción/ 
distribución 


Planta baja 


Агаз.: Kister Scheithauer Gross 


її 


UI 
A | 


а 


© Sección — @ 


Е 1:1.250 


Locales descanso 
personal 


Args. (1* fase): James Stirling, Michael Wilford and Associates (en colaboración con Walter Nägeli) 
. Aras. (2* fase): Wilford Schupp Architekten GmbH 


instalación industrial compuesta 
- 0: 

Las unidades funcionales (adminis- 
tración, producción, aparcamiento, 
almacén de estantes elevados, pre- 
paración де pedidos/picking y salida 
mercancías) se han desarrollado 
según exigencias y con edificios 
independientes pero agrupados en 
un espacio paisajístico que emula a 
la naturaleza. 

La comunicación de las unidades 
serealiza a través de un sistema de 
accesos en forma de pasarela (vía 
de materiales, puente de acceso). 


Instalación industrial integrada 
— Ө: 

Nave almacén, zona de ventas y 
administración representativa en dos 
plantas, al igual que la recepción de 
mercancías en la parte trasera, in- 
cluidos en un volumen cúbico for- 
mado por una estructura de acero 
diáfana (luz 40 m), con entramado 
en rombos sobre pilares empotrados 
que sobresalen en voladizo por el 
lado del acceso, al igual que el en- 
trevigado de madera, que también 
forma rombos. 
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Sata de bancos 
de trabajo 


BD  =Taladradora 
SKF = Sierra de calar 


HD = Máquina 

de cepillar 
НА = Máquina 

de planear 
SKB = Sierra cortar 

a medida 


SA = Sierra circular 
F = Fresadora 
SchB = Pulidora 

de cinta 
SB = Sierra de cinta 


11) Relaciones entre las diferentes zonas y herramientas de una ebanistería. 
El grosor de línea es una medida de la circulación en el interior del taller 


Suministro de materiales 


Madera maciza, tablones, tablas, tableros, chapas, 


industria 
Oficios 


listones, herrajes, materiales auxiliares 


TALLERES” 12) Proceso da trabajo 


Ebanistería 
Carpintería . 
Carpintería 

metálica 
Talleres de 


TALLERES 
EBANISTERÍA 


Desarrollar las naves longitudinalmente — Ө es, en general, más 
rentable (mejor aprovechamiento del solar, recorridos más cortos 
en procesos de fabricación mixtos, conductos de instalaciones más 
cortos, iluminación cenital). Las plantas superiores no son reco. 
mendables para los procesos de fabricación, son más adecuadas 
para oficinas, salas auxiliares, almacenes pequeños, chapados 
valiosos. І 

Sistemas constructivos predominantes: entramados estructurales 
de acero, hormigón armado o madera. Paredes y techos de grandes 
elementos prefabricados con un buen aislamiento térmico y acús- 
tico. Ventanas, generalmente fijas, de vidrio aislante, con una re. 
ducida parte de la superficie acristalada practicable para ventilar, 
Espacios necesarios: en los ejemplos reproducidos, un promedio 
de 70-80 т? por empleado (sin almacenes al aire libre). 

Proceso de trabajo, por lo general: en pequeños talleres de hasta 
aprox. 10 empleados: en tos talleres medianos, con más de 10 em- 
pleados: es más fluido la U y el círculo (cuadrado). En este último 
Caso, se incluyen las siguientes funciones: acceso, carga y descar- 
ga, rampa, supervisión, control, recepción, envío. 

Proceso de trabajo: almacén de madera, aserradero, cámara de 
secado, cuarto de máquinas, sala de bancos de trabajo, tratamien- 
tos de superficies, almacén, empaquetado. Separación entre cuar- 
to de máquinas y sala de bancos de trabajo; pared con puertas, 
Oficina de encargado y de administración; acristaladas con vistas 
al taller. Suelo del taller: madera, tarima a testa o madera petrifica- 
da (xilolita). Todos los puestos de trabajo han de colocarse de cara 
a la luz. Ventanas corridas y antepechos altos (1-1,35 m). 

Para eliminar las virutas, el serrín y el polvo de pulir es necesario, 
en casi todos los casos, y por motivos sanitarios y económicos, 


„incluso en los talleres pequeños, un dispositivo de extracción. 


Disposición de la maquinaria en función de la secuencia de tareas. 
Reducir el nivel sonoro de las máquinas mediante apoyos anti- 
vibración. 


Información: Landesgewerbeamt Baden-Wúrttemberg, Stuttgart 


Sentro cámico 
tras industrias 


reparación 
automóviles 
Panadería 


Lavandería 
Bomberos 
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Sala de bancos de trabajo 


li 
ji 


: 


(4) Ejempio de taliter 


Ca шр иип 
мв T 
| MO 
l 11 
ca E ero 
9 
10 


Espacios y ámbitos 
1 Almacén madera maciza 
2 Almacén tableros 
3 Almacén prod. terminados 


Utillaje 

SPG Slerra de disco 
SK_ Sierra circular 
SKF Sierra de calar 


4 Almacén muebles ЗКО  Canteadora 

5 Aserrado madera maciza SP Sierra de cintas 

6 Aserrado planchas HA Máquina de planear 

7 Sala máquinas HD Máquina de cepillar 
acabado de piezas ЕТ Fresadora de mesa 

8 Encolar, chapar FO Fresadora de sup. 

9 Terminación - Ensamblaje FK Fresadora articulada 

10 Tratamiento superficies Fu Fresadora desencolar 


11 Bamizar, teñir, lavar 

12 inyectar, regar - aplanar 
13 Secado - Tratamiento final 
14 Montaje final, envío 

15 Calefacción 


BD  Taladradora 

BL Taladradora larga 
В-РО Máquina de chapado 
SchBB Pulid. de cinta ancha 
Sch8 Pulidora de cinta 
SchK Pulidora de cantos 
Ka Lijadora cantos 

Kr Muelle dascarga 

Sp Pintado a pistola 


Banco Я 
4 Ventilador 

Ц Prensa chapados 
П Мад. encolado 

Ц Sierra acortar 

1 
a 

П 
ИГ 
ре 

1 

' 

НЕ 1 14 
4 

S 

ү! шашы: Entrega 
Els ә 

i 
sie 

t 

Ы z 

ЦЕ E A » = a 

Т = 200 k 
ы------------ панаа ме 4. 9 | 
16 bO == 
Cama ë; ¿e == =з е 
¡oia 2. а = = + Recepción 
oO spa Í lo 
фы Оњ а ајы 


Oficina del 
encargado 
Sala 
afilado 


Sata bancos Eu Sala 
de Ey máquinas 


Herrajes y 


mat. aux. Nave de ensamblaje арат 
Calle 


© Esquema funcional de una carpintería 


1-4 Tornos 
5 Tomo lineal 
6 Robot giratorio 
7 Máquina toral 
8 Pintura a pistola 
9 Mesa auxiliar 
10 Арагаїо de lacado por inmersión 
11 Armario para secar lacados 
12 Cilindro de escobillas 
B Taladradora 
BL Taladradora larga 
HA/HD Máquina combinada de planear 
y cepiltar 
F Fresadora de mesa 
SA Sierra de acortar? 
SchB Pulidora de cinta 
58 Sierra de banda 
SK Sierra radial 
© WB Banco de carpintero 
KeB Caldera para restos de madera 


ини: 
ШЕ 


B Taladradora 

BL Taladradora larga 

HA/HD Máquina combinada de planear 
y cepillar 

F Fresadora de mesa 


SA Sierra de acortar 

SchB Pulidora de cinta 

SB Sierra de banda 

WB Banco de carpintero 

KeA-Ó Caldera combinada gasoil y 
restos de madera 

Almacén madera maciza 
Almacén de tableros planear 
Almacén piezas pequeñas 
Elaboración a máquina 
Elaboración manual 
Calefacción 

Silo virutas 

Oficina encargado 

Sala descanso 

Vestuario 


р! ¡MES 
ИА 


SOSQOOVOOS 


Ө Pentaviso--0 +0 


TALLERES 
CARPINTERÍA 


La distribución en planta se realiza basándose en los siguientes 
datos empresariales: utillaje, explotación, rentabilidad, potencias 
conectadas, solicitaciones por carga de los forjados, espacio ne- 
cesario, costes, método de producción, tiempo de fabricación, 
empleo de personal, organización empresarial técnica, secuencias 
operacionales y procesos de trabajo. 

Materiales: tipos, cantidades, pesos, espacio necesario. 
Almacén: dimensionado, espacio necesario. 

Suministros energía: calefacción, corriente eléctrica, aire comprimido. 
Residuos: tipos, espacio necesario, gestión de residuos. 


Información: Landesgewerbeamt Baden-Wúrttemberg, Stuttgart 


15.24 


15,24 


a y ЕЕ... 11,8 1 58 4 
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` Talleres de 


reparación 
automóviles 
Panadería 
Centro cámico 
Otras industrias 
Lavandería 
Bomberos 


TALLERES 
CARPINTERÍA METÁLICA 


En una empresa grande, los talleres se distribuyen por separado 
en taller de soldadura autógena, roblonado, taller de montaje y 
reparaciones, forja artística, cerrajería de máquinas y de la cons- 
trucción. Las comunicaciones espaciales corresponden al esquema 
funcional > Ө. Oficina de la empresa y puesto del maestro debe- 
ría situarse en lugar céntrico con vista a todos los talleres. 

Taller de soldadura y forja deberían cerrarse también en talleres 
medianos con puertas de acero. 

Lo mejor es dotar los talleres de lucernarios, además se requiere 
iluminación suficiente en el puesto de trabajo para el funcionamien- 
to aislado de las máquinas (tomas de electricidad en el suelo). 
Pavimento de hormigón, mejor sobre base de hormigón. 

Mesa de soldadura recubierta con placas de chamota. Para solda- 
duras de hierro forjado y piezas metálicas, fogones de carbón ve- 
getal para el precalentamiento, encima pequeña campana extrac- 
tora; también aptos para soldar bronce, forjar y templar hierro, Al 
lado, depósitos de agua y aceite para templar. 


Alzado 


Transporte con aparatos 
elevadores 


Información: Landesgewerbeamt Baden-Wúrttemberg, Stuttgart 


12) Almacén para piezas pequeñas Almacenaje vertical de planchas 
33,75 ——— 3125 5 == 
15 = 2,5 9,78 >—_—— 125 ———— 


Almacén Al 
ermedio reserva 


15 
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"ayam cerrajería 
' 1 o Adm. 
a O 
TALLERES | (5) Relaciones especiales en los grandes talleres de metalistería 
Ebanistería 020000 9 
Carpintería 
Carpintería Puestos de montaje | Almacén 1 | 
metálica de piezas 
Talleres de acabadas х 
герагасібп 
automóviles 
Panadería 
ntro cámico 
1з industrias 
Lavandería 
Bomberos 2 


hidráulico 
con rosca 


Almacén de 
materia prima 


| БЕМОРОНЕ 


=== 19,75 


© ———чі Pulidora 


x——_ —---- == 37 __-————— 7 


© Cerrajería, distribución en planta y situación de las máquinas 16) Ejemplo del proceso de trabajo en una cerrajería — Ө 


Utillaje: 
BS: Perforadora 
ү RM:  Ajustadora 
ga RP: Perfiladora 
z ScheP: Tijera de perfiles 
Р Й | 588: Sierra de cinta 
ш para planchas 
| H Almacén de planchas WB: Banco de 
| Огооо == r m trabajo 
i o 
l " е 
г „Secuencia _ _ 
М 7 de trabajos 
\ а 
Ros Fá 
No > 
e an 
14) Cerrajería de la construcción PE (7) Sección — Ө 
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Elevador de coches de un pistón; 
altura de elevación: 1 т 


| | Farmario herram. 


Стоте energía suspendida 


Plataforma 
con cuatro 
71 mástiles 


Medición óptica para alineación 
de ejes 


- n 
Toma energía -Bastidor 
suspendida de ajuste 


(5) Puesto de ajuste de carrocerías 


Armario de herramientas 


,5 % de pendiente en 
` el canal de desagúe 


Emparrillado 


Elevador de coches de dos 
pistones; altura de elevación: 
0,7-1,1 т 


| {-Атпапо herram. 


_ 0 Тота коше suspendida 


Plataforma 
bimástil 


` 


о Puesto de ajuste de carrocerías 


Armario herram. 
ДИЙ material Еа 


рау 


Puesto para preparación de 
pintura, con o sin plataforma 
elevadora 


Sumidero, pendiente 
del 1,5 % en el canal 


Representación esquemática de un puesto de trabajo en los preparativos 


de pintado — Ө 


Camiones/ 
autobuses 


ө 


estándar, cada uno de 3,5 х 6 т 


Espacio de reparación de turismos: 6 х 14 m formado por 4 puestos de trabajo 


TALLERES 
TALLERES DE REPARACIÓN AUTOMÓVILES 


En la elección del solar para una empresa de asistencia técnica, es 
preferible escoger un emplazamiento bien comunicado (incluso en 
caso de mayores gastos de acometida y construcción). 

En caso de emplazamiento en la periferia de la ciudad, hacerse cargo 
de la publicidad correspondiente y del transporte de los clientes. 
Regla básica: solar 1/3 edificado, 2/3 sin edificar. Considerar amplia- 
ciones posteriores. 

Para empresas mayores rige el valor promedio de 200 m? por pues- 
to de trabajo para la labor en el taller. 

Además, deben preverse los espacios de venta, oficinas, sala de 
espera para clientes, locales de descanso para la plantilla, etc. 

En la mayor parte de los casos, edificio de una única planta, estruc- 
tura de acero modular o prefabricada. 

Son preferibles las naves de grandes luces sin los molestos pilares 
intermedios. Prever ampliación en el ritmo del intereje elegido de las 
vigas. 

Sellar los suelos de los talleres contra infiltraciones de grasas y 
aceites. 

Es necesario que haya un separador de hidrocarburos. 

Disponer de un sistema de eliminación de gases de escape. Incluir 
en el proyecto portones de apertura automática con cortina de aire. 
Se recomienda la instalación de canales para electricidad, aire com- 
primido, aceites residuales y agua. Controlar las acometidas. Alto 
consumo de agua en tren de lavado, 

Ejemplos de talleres de tamaños diferentes — Ө - ©. 


Información: institut fúr Technik der Betriebstúhrung, Karlsruhe 


1 Taller reparaciones 

2 Almacén repuestos 

3 Oficina, recepción, 
caja 

4 Oficina director 

5 Aseos (clientes) 

6 Calefacción 

7 Compresor 

8 Sala descanso 

9 Vestuario 

10 Lavabos 

11 Aseos (personal) 

12 Accesorios 


Ejemplo de planificación para un taller con 4 puestos de trabajo en un solar 
con frente a calle ancha 


о 


1а fase construcción 


1 Taller reparaciones 8 Lavabos 
2 Almacén repuestos 9 Aseo personal 
3 Oficina, recepción, 10 Sala de lavado 


caja 11 Aseos clientes 
4 Calefacción 12 Sala reuniones 
5 Compresor 13 Sala exposición 
6 Sala descanso 
7 Vestuario 


Ejemplo de planificación, taller con 8 puestos de trabajo, sala de lavado 
y sala de exposición 
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Industria 


Oficios 


TALLERES 


Ebanistería 
Carpintería 
Carpintería 
metálica 
Talleres de 
reparación 
automóviles 
Panadería 
Centro cámic 
Otras industri. 
Lavandería 
Bomberos 


Industria 


Oficios | 


TALLERES 


Ebanistería 
Carpintería 
Carpintería 
metálica 
Talleres de 
reparación 
automóviles 
Panadería 
Zentro cámico 
tras industrias 
Lavanderia 
Bomberos 


Descanso 


Lavabos 


ám. frig. 
(1) Esquema de las relaciones entre 


los diferentes espacios 


Manipulación 
de masas 


Masan 


fermentación 


A 


Horneado 


A 


Entrada clientes 


5.2Htransporte / 
pasteleria” 
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| 3.7 Panadería 
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== [25 | Aparatos limpieza 


(4) Ejemplo de planta de gran tamaño 
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TALLERES 
PANADERÍA 


Un diseño sistemático abarca una reflexión sobre la evolución, en 
un futuro próximo, de todas las circunstancias técnicas que afecten 
al funcionamiento del comercio, y a las que, en último lugar, también 
se tiene que subordinar funcionalmente la componente arquitectó. 
nica. En la fase de proyecto se ha de supervisar siempre el empla. 
zamiento. 


Programa de necesidades y espacio necesario: 

Distribución elemental: almacenes, salas de producción, salas de 
ventas, cuartos de instalaciones, administración, locales comercia- 
les, sala de descanso — @. 

Desarrollo de los trabajos en los diferentes espacios — Ө. Alma- 
cenes para materia prima, aditivos y empaquetado. Las provisiones 
para el día se almacenan en el puesto de trabajo. Distinguir entre 
diferentes tipos de almacenamiento: almacén de materias primas: 
trigo molido, azúcar, sal, levadura, masas (materia seca), harina en 
silos o sacos; almacén de aditivos: fruta, coberturas, frutos secos, 
grasas y huevos; almacén para empaquetado. Espacio necesario 
para receptáculos (estantes, bastidores, armarios) mesa auxiliar, 
Espacio de circulación (pasillos). Espacio mínimo para el almacén 
15 m?. Suplemento para todos los almacenes: 8-10 т? por cada 
empleado. Recorridos cortos entre almacén y zona de trabajo.. 


Separación de la zona de panadería y pastelería. La panadería 
necesita un clima cálido y húmedo, mientras que la pastelería ne- 
cesita un clima algo más fresco. 

La panadería comprende las siguientes zonas: preparación de 
masas, manipulación de masas, horneado, almacén de productos 
acabados. 

La pastelería: crema, nata, chocolate, fruta. Zona más cálida: masas, 
pasteles, bombonería. А 


La superficie de una sala de trabajo se compone de: espacio пе- 
cesario para el utillaje, manipulación manual, almacenaje intermedio 
y mesas auxiliares. Espacio para circulación. 


Al planificar la distribución interior (boceto) se puede calcular la 
superficie necesaria. 


Información: Landesgewerbeamt Baden-Wúrttemberg, Stuttgart 


Leyendas — Ө – Ө 


Explicación de las referencias 

1. Preparación de masas 

1.1 Aparato de amasar 

1.2 Artesa 

1.3 Báscula mural o de sobremesa (extracción harina) 
1.4 Lavamanos - aparato mezclador de agua con dosificador 
1.5 Mesa de aditivos 

1.6 Mesa de trabajo y recipiente de harina 
1.7 Mesa de trabajo 

1.8 Mezclador 

2. Manipulación de masas 

2.1 Amasadora 

2.2 Rodillo 

2.3 Aparato de heñido 

2.4 Aparato de partición (con báscula) 

2.5 Trituradora 

2.8 Rodillo largo 

2.7 Aparato de panecillos 

2.8 Bobinadera 

2.9 Partidor hidráulico 

3 Panificación 

3.1 Horno 

3.2 Sala de fermentación 

3.3 Aparato de inmersión 

3.4 Mesa auxillar revestida con hojalata (vidrio, etc.) 
3.5 Lavamanos 

3.6 Máquina de limpiar hojalata 

3.7 Almacén de productos acabados 

4 Pastelería 

4.1 Mesa fría 

4,2 Máquina de remover y agitar 

4.3 Agitador orbital 

4.4 Hornillo de gas 

4.5 Amasadora de materias grasas 

4.6 Fregadero con escurridor 

4.6.1 Máquina de centrifugar 

4.7 Armario climatizado para nata 

4.8 Congelador 

4.9 interruptor de fermentación 

4.9.1 Cámara frigorífica (pavimento rehundido aprox. 200 тт) 
5 Otros 

5.1 Sumidero en el suelo 

5.2 Estantes 


En una sala de planta baja — €) de unos 4.500 т? se fabrican 
salchichas, jamón y demás embutidos. 

Despachos, laboratorios, cantina, cocina, vestuarios y lavabos en 
la primera planta — Ө. Producción diaria: aprox. 25 t. 

En el edificio se situarán varios grupos de salas con diferente tem- 
peratura ambiente. Sala de reposo, oficinas, aseos: 20 *C; salas de 
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j Máquinas de frío Calefacción 


(3) Centro cárnico en Thüringer, planta baja 


TALLERES 
CENTRO CÁRNICO 


producción: 18 °C; salas climatizadas: 14-18 °C; salas refrigeradas: 
10-12 °C; cámaras frigoríficas: 0-8 °C; cámaras de congelación: 
-20 °C. Existen numerosos requisitos respecto a la construcción y 
tipo de materiales. К 

Edificio de producción: el producto suministrado llega en forma de 
medios cerdos, cuartos de ternera y similares. 


(Т) Director Taller 

(2) Lavabos/duchas Botas 

G) Almacén frigorífico (4% Encargado 
(4) Cám. frig. sum. 45) Despacho 
(5) Cámara de cong. 8) Ofimática 
(6) Cám. frig. producción (7) Encargado: 
(7) Tratamiento de tripas (8) Aseo 

(8) Disolventes básicos (9) Acceso 

(9) Disolventes ácidos QO Cocina 


YAA 


40 Limp. a alta presión @7) Producción 


QÙ Sala pruebas sanidad 


Рта Jena GmbH 
ZPN Rhinstr, 149, Berlín 
Planungs AG Neufert, Mittmann, Graf, 
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Industria 


Oficios 


O TALLERES: 


Ebanistería 
Carpintería 
Carpintería 
metálica 
Talleres de 
reparación 
automóviles 
Panadería 
Centro cárnico 
Otras industrias 
Lavandería 
Bomberos 


TALLERES 
OTRAS INDUSTRIAS 


Carnicería — @ planta modelo: 6-7 empleados. 

Proceso de elaboración de salchichas: la carne entra en la sala de 
máquinas (picar y embutir), en la cámara de ahumado y luego en 
la caldera de cocción (cocina de salchichas), y de aquí va a la са. 
mara frigorífica o a la tienda. 

Altura de las salas de trabajo (según en el tamaño del estableci- 
miento) > 4 m. 

Anchura de los pasillos para el paso de productos > 2 m. 

Puesto de trabajo delante de la trituradora y de la embutidora: 1,5 m 
por delante y 1 m a cada lado = 3 m?. 

Separación de las máquinas a la pared (para reparaciones) 40-50 cm. 


Ahum. én caliente 
I І 
Аһит. еп caliente 


... i 


10 Mesa combinada 


2 Tira de escaldar con pileta Para las máquinas de frío que funcionan día y noche es necesario 
Paio атан Чена таніни prever un aislante del ruido. 
стн еее РВ Tomas de agua con conexión para mangueras en la cocina de 
E О праге 46 dora йаза salchichas, sala de máquinas y sala de salazón. Pavimento im- 
grandes animales 16 Báscula permeable y antideslizante, preferiblemente de baldosas estriadas 
Ө Eemo de una camicaría ра A... con desagüe. Paredes alicatadas. Buena iluminación general: 300 lux 
9 Resbaladero en los puestos de trabajo. Prever una sala de descanso, taquillas, 


inodoro y duchas para los empleados. 


Taller de radio y televisión > Ө 

Altura libre de las salas de trabajo > 3 ту 15 т3 de volumen de aire 
como mínimo por empleado. Debido al elevado riesgo de electrifi- 
cación, en el taller se ha de colocar un revestimiento del suelo 
aislante o, al menos, apoyar las mesas de reparaciones en un 
material aislante. Según la norma DIN 5035, dispondrá de una ilu- 


Patio 


1 Puso pri ternen. minación nominal mínima de 500 lux. Para el montaje de pequeños 
а З Banco trabajo con gato componentes electrónicos se necesitan 1.500 lux como mínimo. 
4 сюе, рага accesorios 85 Mesas de reparaciones han de tener una superficie de trabajo 
5 Mostrador de discos amplia, a ser posible de 1 х 2 т. Contarán соп cajoneras debajo 
Industria И трее y obli a ana рага guardar planos de circuitos, descripciones técnicas de apa- 
Oficios 7 Estante para elementos ratos, etc., así como herramientas en cajones planos. 
pequeños 
8 Expositor - 
1_ Э М oo dera Ejemplo de un taller de lacado — Ө. 
TALLERES Planta baja Ejemplo de sastrería > Ө para diez empleados. 
Ebanisteria 
i lo de un taller de radio y televisión ae А 
а ө чие кш Información: Landesgewerbeamt Baden-Wirttemberg, Stuttgart 
metálica н 
Talleres de 1 Almacén 
pea y аг тт 3 Fior hombres 
automóviles : y E 
Panadería Ш Н 4 Taller mujeres 
entro cámico | | * 1 1! Padas 
areena | | 7 Vestuarios y lavado 
B 8 Vivienda 
empers 9 Tienda 


N Máquina coser 
P Máquina pespuntes 
BBA Tabla planchar vapor 
TBA Mesa planchar vapor 
ТМ Mesa de trabajo 
2 TNB 
E S TZ 
3 5 
Е 
[5 
Е 
о 
9. Tienda 6. Oficina 
ogo. * 
Entrada Planta baja 4 
Planta baja 
(3) Ejemplo de un talter de lacado (4) Ejemplo de una sastreria 
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5x5 


F12 + 3,85 ————4 


Nu 
Ni 
= ‚| 
Cabina 
desinfección 


Esclusa de 
personas 


Lado sucio 


Lavadoras de una puerta 
en cabina de desinfección 


Depósitos de ropa соп ruedas 


@) Lavar y 

centrifugar 

Secar 

Catandrar 

Ascensor 

Contenedor de ropa 

Mesa auxiliar 

Equipo de plancha 
(sobre ruedas) 


OSO 


Almacén 


Lavandería de tamaño 
medio > Y) 

D+0 Lavar 

G) Secar 

(4) Calandrar 
2D Ordenar 
(7)+@) Planchar 

O, Depositar 

(a) Almacenar 


En dos salas 
separadas — @ 
Secar 
Calandrar 
Ordenar 
$o Calandrar + 
depositar 
Coser 


QR Lavar 

Q+ 

(5) 

Q) 

(8) Planchar 
+0) Almacenar 


O Lavar 
7 O Lavar 
O Desintectar 


cambiarse 
de ropa 


Lado 


Ropa 
normal 


16) Lavar en salas separadas 


limpio 


TALLERES 
LAVANDERÍA 


Las lavanderías para la ropa de hospitales se han de dividir en una 
zona limpia y otra sucia > Ө - Ө, Ө. En la zona sucia, las super- 
ficies se han de poder limpiar y desinfectar sin que molesten los 
aparatos instalados. . 

Los pasos entre la zona sucia y la zona limpia se han de realizar en 
forma de esclusas, equipadas con un dispositivo para desinfectarse 
las manos y un depósito para guardar la ropa de protección. 

Las puertas para las esclusas de personas estarán montadas de 
manera que solo se pueda abrir una de ellas а la vez > Ө. 


Peso 
9 Вора де Бало 
170 A 


Ropa de hombre 
Camiseta Ligera | 100 
Gruesa_ | 150 


Toalla de mano 50 x 100 


Calzoncillos Cortos 
Largos 


| Pijama | 450] Traje de baño De una pieza 
| Pañueio | 20] De dos piezás 
ратй) 70 


Ropa de cama 


Ropa de mujeres 


[Cubrecama_____160x200| 850 | 
[Blusa 140] 670 
140} [Са ______ 140x230] 600 | 
[faja] 75] [Fundadealmoñada 80x 80| 200 | 
| Camisón____ | æo] 
Mantelería 
Mantel pequeño 125 х 160 
100 
Ropa де niños (pequeños) 
| Нора interior | 80] | Ropa de trabajo 
Traje de trabajo 1.200 
[Mono 00] 
509 
[ Medias] 100] 


(7) Peso medio de la ropa 


O Lavar 
O Pedestal 
O Lavar 
O Secar 9 
© Calandrar 
O Prod. limpieza 
O Bast. ruedas 
(O Conten. ropa 
O Bloque calandr. 
@ Mesa auxiliar 
@) Mesa auxiliar 
@ Mesa plancha 
@ Estantes ruedas 
: ы @ Máquina coser 
LIO Esclusa pers. 
(9 Pared separ. 


Calandrar 


+ 


` 
Lado sucio М Lado limpio ү 


a [7 


(3) Lavandería de una residencia 
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industria 


Oficios 


TALLERES 


Ebanisteria 
Carpintería 
Carpinteria 
metálica 
Talleres de 
reparación 
automóviles 
Panaderia 
Centro cámico 
Otras industrias 
Lavandería 
Bomberos 


industria 8 


Oficios 


TALLERES 


Ebanistería 
Carpintería 
Carpintería 
metálica 
Talleres de 
reparación 
automóviles 
Panadería 
Sentro cárnico 
tras industrias 
Lavandería 
Bomberos 


300 -+— 850 ————+2151 


© Secadora automática 


LHAÁáÁáÁA 1.350 + 


© Planchadora industrial 
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300 H— 850 ————4р151 


1—70 — 
R—— 1.100 ———+ 


Ө Azado iatera — O 


H— 680 —+— 410 ~ 
мш: 


ө Alzado lateral > Ө 


501—390 4 


O Alzado lateral — @ 


110) Alzado lateral > @ 


TALLERES 
LAVANDERÍA 


Ropa sucia en kg de ropa seca/semana: 

Viviendas: aprox. 3 kg/persona (ropa doméstica 40 %) 

Hoteles: aprox. 20 kg/cama (cambio diario de sábanas y toallas) 
aprox. 12-15 kg/cama (4 cambios de ropa por semana) 
aprox. 8-10 kg/cama (2-3 cambios de ropa/semana) 
aprox. 5 kg/cama (hoteles turísticos) (1 cambio de ropa 
por semana) 

Los valores citados incluyen la mantelería del restaurante. 

Pensiones: aprox. 3 kg/cama 

Restaurantes: aprox. 1,5-3 kg/plaza 

En hoteles, pensiones y restaurantes el porcentaje de гора domés. 

tica es de aprox. 75 %. 

Residencias de ancianos: 


residencias: aprox. 3 kg/cama 
cuidados especiales: aprox. 8 kg/cama 
cama cuidados intensivos: aprox. 25 kg/cama 
Residencias de niños: aprox. 4 kg/ cama 
Residencias de bebés: aprox. 10-12 kg/ cama 
Residencias de cuidados especiales: aprox. 4 kg/ cama 


Residencias de cuidados especiales (incontinentes): 

i aprox. 25 kg/cama 
En las residencias citadas, el porcentaje de ropa doméstica es 
aprox. del 60 %. 
Clínicas, hospitales (de hasta 200 camas): 


Hospitales generales: aprox. 12-15 kg/ cama 
Hospitales de maternidad: aprox. 16 kg/cama 
Hospitales infantiles: А aprox. 18 kg/cama 


En los hospitales el porcentaje de ropa doméstica es aprox. del 70 %. 


. Personal médico y enfermeras: aprox. 3,5 kg/cama 


cantidad de ropa/semana 


Capacidad de lavado = 
días de lavado/semana x lavados/día 


Ejemplos de cálculo 


1. Hotei con 80 camas, ocupación 60 % = 48 camas 
4 cambios sábanas/semana; diarios = aprox. 12 kg/cama 
48 camas a 12 kg/ropa = 576 kg/semana 
ropa de cocina y mantelería aprox. 74 kg/semana 
650 kg/semana 

650 kg 


capacidad de lavado = = 18,6 kg/lavado 


3x7 


2. Hotel con 150 camas: ocupación 60 % = 90 camas cambio 


diario de sábanas; diarios = aprox. 20 kg/ cama 
90 camás a 20 kg/ropa = 1.800 kg/semana 
ropa de cocina y mantelería 200 kg/semana 
2.000 kg/semana 

2.000 kg 


capacidad de lavado = = 57,1 kg/lavado 


3х7 
3. Residencias de ancianos: 50 camas de residencia; 70 camas 
de cuidados especiales 
70 camas de cuidados especiales a 12 kg ropa = 840 kg/semana 
(infecciosa) 


capacidad de lavado = = =ч = 33,6 kg/lavado 

50 camas de residencia a 3 kg/ropa = 150 kg/semana 

ropa de cocina y mantelería (no infecciosa) 100 kg/semana 

д 250 kg/sernana 

capacidad de lavado = 220 Е = 8,3 kg/lavado 
х 


4. Complejos residenciales 90 habitantes 

aprox. 3 kg de colada seca por persona y semana 

capacidad de lavado = cantidad de ropa/semana 

días de lavado/semana: x lavados/día 

90 personas x 3 kg = 270 kg: (6 días x 5 lavados) = 9 kg/lavado: 
5 kg/lavadora = 1,8 lavadoras 

Se precisan 1,8 máquinas = 2 lavadoras 


Superficie de estacionamiento 


-1 Paso altura libre > 3,5 т; 
1 т Para longitud 2 12 т, anchura > 3,5 т 

ГЕ 

1 ¡Solera del pasaje, puente clase 30, váase DIN 1072 


Superficie de 
estacionamiento ш 
о 


ре 


= 
211—1 


Pendiente 


bz 1,110,842 1,1 
Presión del 
ES eje 101 


© Acceso de bomberos 


(2) Cambio de pendiente en pasajes 


Р 1,25] 


Altura libre 
de paso de 
vehículos 
23,5 т 


23m 


кя 


O Paso 


Plazas de aparcamiento 


(4) Acceso de bomberos 


ho, — обман eH 
an —— 0,5 тіп, H—— by, ———H0,5 mín. 


Anchura libre de paso (solo cuando 
existen pilares и obstáculos) 


16) Plazas de aparcamiento y verjas — @ 


Plazas de aparcamiento 
Tamaño% | Anchura | Longitud | Puerta según DIN 14 092| Unidad (U) 
artículo 2 (anchura libre | cálculo según 


de paso b; х altura fibre Ө» тг 


1 
(a evitar si 
es posible) 
2 


3 
4 


2 Véase también tabla 2 en las explic.; ? corresponde a 1/4 superficie aparcamiento 


TALLERES 
BOMBEROS 


a) Un parque de bomberos de ámbito local puede estar forma- 
do por: plazas de estacionamiento, 4 U; cuarto de herramientas, 
almacén para utillaje especial, 1 U; aula (sala polivalente para ad- 
ministración y central) 5 U; sala para el personal, 3 U; cuarto de 
instalaciones, 1 U 

b) Un parque de bomberos de ámbito local y regional, p. ej., para la 
prevención de incendios y prestación de ayuda técnica, con taller 
central, enfermería, instalaciones de formación y prácticas puede 
estar formado por: plazas de estacionamiento, 16 U; 4 U adicio- 


«nales рага el transporte de enfermos; cuarto de herramientas y 


almacén para utillaje especial, 4 U; aulas, 7 U; servicios para el 
personal: lavabo, aseo, ducha, vestuario, secador de ropa, 4 U; 
sala de personal, pequeña cocina, 3 U; administración, despacho 
de dirección, 1 U; taller de vehículos, cuarto de instalaciones, 2 U; 
cuarto de guardia, 4 U; taller centra! (según las necesidades). En 
caso de que no exista un taller central para reparar mangueras: 
talleres de reparación de mangueras 9 U; en caso de que no exis- 
ta un taller central para reparar mascarillas, talleres para reparar 
mascarillas 4 U. 

En los talleres centrales se ha de prever suficiente espacio para 
almacenamiento. 


Cuarto de herramientas 

Almacén de utillaje especial 

Аша 

Espacio auxiliar 

Servicios: 

Lavadero, ducha, aseo, vestuario, secádora 

Estancia de guardias, sala de estar, pequeña cocina 

Administración 

Despacho de dirección 

Central de intervención 

Talleres: Taller de reparación de mangueras, sala de lavado 

y comprobación de mangueras (al menos de 26 m de largo y З т de ancho) 
Almacén de mangueras 

Torre de secado de mangueras con pared de pruebas! 

Altura libre de la torre 23 m 

Si en vez de una torre de secado de mangueras se construye una instalación 
horizontal de secado, esta ha de tener una sala de lavado y comprobación 
de mangueras cuya superficie mínima ha de ser de 9 U y su altura libre 3 m mín. 
Taller de mascarillas 

Enfermería, central de intervención, submarinismo% 

Sala de guardia 

Taller de vehículos y herramientas, incluida una estación de carga de baterías, 
conectada con una plaza de aparcamiento 

Nave de lavado 

Instalaciones 

Calefacción, cuarto de combustible 


20 алло apa 
с сс ссссс ECCC 


- 


SS 
EEE E E 


Para determinar la superficie de cada uno de юз espacios según el número de unida- 
des (U) > @ En los parques de bomberos con plazas de estacionamiento de diferente 
tamaño, la unidad (U) se ha de referir a la plaza mayor, A partir de las superficies 
calculadas según el número de unidades (U) se obtiene el tamaño mínimo de cada 
uno de los espacios (véanse también las explicaciones en los ejemplos). 

1 según DIN 14092, parte 3 

2 aquí no se incluye una zona para prácticas con mascarillas. 


13) Superficie de los espacios -» @ 


Tipo de vehículos 


Camión contra incendios 
Lra 5.450 (5.800) 
LF8 7.490 (7.490) 
11.300 (11.500) 


10.200 (11.000) 


соп cisterna TLF 8/18 7.490 (7.490) | 3.200 Я 

соп cistema TLF 16 10.700 (11.500) | 3.200 7 

con cisterna TLF 24/50 15.900 (16.000) | 3.500 15.400 

con cisterna de apagado , 

en seco TroTLF16 11.500 (12.000) | 3.750 2.470 2.990 
con cisterna de apagado 

өп seco 1000 7.300 (7.490) | 3.200 14.800 3.250 
con cisterna de apagado 


en seco 2000 


10.100 (11.800) 
12.550 (13.000) 


20.200 (21.000) 


7.200 (7.490) i 14.800 6.400 2.420 4 
10.850 (11.000) | 3.750 16.100 7.600 2.480 3.070 
10.200 (11.000) | 3.200 14.400 6.500 2.500 2.980 


(7) Dimensiones de las plazas de aparcamiento — @ 


Medidas más usuales de diferentes vehículos utilizados por los bomberos 
(del catálogo de una de las fábricas alemanas más importantes) 
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Industria 


Oficios 


TALLERES 


Ebanísteria 
Carpintería 
Carpintería 
metálica 
Talleres de 
reparación 
automóviles 
Panadería 
Centro cámico 
Otras Industrias 
Lavandería 
Bomberos 


TALLERES 
BOMBEROS 


Principios fundamentales para el planeamiento de parques de 
bomberos DIN 14 092. 
Parque de bomberos: en él se alojan los vehículos y las siguientes 


1 Retén de guardia dotaciones: 
: роон Retén de guardia: donde se encuentran las personas, vehículos y 
4 Inspector de bomberos demás elementos preparados para entrar en acción. Puesto de 


control obligatorio ocupado continuamente tanto para la recogida 
de avisos como para avisar, coordinar y dirigir al personal de res- 
cate. Es recomendable la existencia de apartamentos de servicio 
dentro del retén. El equipo, al igual que los posibles refuerzos, está 
siempre en guardia o localizado para entrar en acción a través de 
А sistemas de megafonía у señales de alarma. Instalaciones para 
ac] llamadas de emergencia, alerta y detección. 

Funciones previas a la intervención: aparcamiento del vehículo 
privado, cambio de ropa en las proximidades del coche de bom- 
beros, colocación del equipamiento y ocupación de los coches de 


-——————у 


Г і bomberos. 
i Tras la intervención: equipar los camiones nuevamente, llenar de 
4! À a 
ra ! 1 Sala de carga agua las cisternas y repostar. Bomberos: aseo y cambio de ropa. 
| и Ubicación del parque en un terreno central a todos los barrios de 
в! БШШ АШЫ la población о en puntos clave. Proyectar accesos claros para los 
! i 5 Almacén camiones de bomberos, así como suficiente superficie libre para 
| 3 Pasg que, p. ej., los camiones dispongan de un ángulo de giro suficien- 
кеч ! 8 Depósito de fueloil te. Zona de lavado provista de recogedor de arena y separador de 
' asolina, depósito de gasolina y gasoil. La superficie del patio ha 
Ө Pianta baja y > 
de soportar el tráfico rodado (aprox. 16 t). Bocas de riego normales 
y subterráneas, espacios para vehículos adicionales y, dado el caso, 
puesto de aterrizaje para helicópteros (50 х 50 т) además de 15 т 
de espacio libre. Zonas verdes y deportivas. 
Industria 1 Pasillo 9 Nave de vehículos 17 Retén guardia 25 Sala de ejercicios 
Ofici 2 Vivienda 10 Lavado mangueras 18 Vestuario 26 Calefacción 
1С105 Garaje subterráneo 3 Aula 11 Alm. mangueras 19 Lavabos 27 Equipo climatiz. 
Almacén de 4 Mat. enseñanza 12 Almacén repuestos 20 Ropero 28 Almacén 
aprovisionamiento diurno 5 Sala descanso 13 Taller 21 Cortavientos 29 Cuarto baterías 
Almacén de mangueras 6 Garaje 14 Mascarillas 22 Vestíbulo 30 Teléfono, radio 
TALLERES Sótano 7 Depósito fueloil 15 Patio interior 23 Sala de estar 
и Ventilación 8 Lavado vehículos 16 Jefe de bomberos 24 Sala de prácticas 
Ebanistería Esclusa 
Carpinteria Instalación eléctrica 
Carpinteria Grupo electrógeno 
Talleres de de emergencia 
reparación Sala de bombas е 
me Vestuario EA E E аиан. 
и Almacén ШЕШ ШЫН ШШ ПЫШ БИШ ШЕШ 7 ИИ | = 
6 anadería Agua, gas 1—0 | 
antro ойноо Estación trensformadora ү, 
La ч . Caldera de calefacción Н i i 1 ] —— 
vandería э ш 5 = E 
Bomberos М. 


Arq.: Ackermann + Р (4) Sección — @ 


(7) Planta baja y sótano de un edificio de bomberos 
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IGLESIAS CRISTIANAS 
ELEMENTOS LITÚRGICOS 


9 55 2 60 y 
à =a Directrices para arquitectura religiosa 
| @ 100 РР | Cada iglesia nacional и obispados tiene directrices especiales рага 
110 О І ` las iglesias que se han de construir en sus territorios. Además, еп 
Atril y aquellos espacios no destinados propiamente al culto, deben res- 
lámpara petarse las normativas locales en materia de locales de espectáculos 


y reunión. Para obras de nueva planta, reformas y renovaciones debe 
Púlpito con tomavoz para reflejar COnsultarse la diócesis correspondiente, y es el vicariato episcopal 
las ondas acústicas en dirección el que otorga las licencias. Puesto que los templos sirven al culto 
de los feligreses ый А А A 

religioso, las tipologías deben desarrollarse partiendo del culto y la 


22 “liturgia. 


| Elementos litúrgicos: elementos utilizados durante la misa para todas 


Pila 
bautismal 


las acciones del oficio existentes. 

Púlpito — Ө 

Puesto elevado para el predicador como lugar para proclamar la 
palabra de Dios. El púlpito está en estrecha relación litúrgica con el 
altar, pero no hay normas precisas para su emplazamiento. Frecuen- 
temente se sitúa a la derecha del altar, visto desde la nave. La altu- 
ra del púlpito se sitúa entre 1-1,2 m (suelo del púlpito) sobre el nivel 
del suelo de la iglesia. 


Altar con zócalo rehundido, 
sección transversal 


> Sagrario empotrado 


Ambón —> © А 
Atril elevado y móvil en iglesias del cristianismo primitivo para la 
lectura de la Epístola. A pesar de ser móvil, el ambón debe situarse 
en el entorno inmediato del altar. я 
i Altar 
Mesa del Señor, punto central de la celebración de la eucaristía. 
L— > 200 —— |—> 110 — Pueden ser altares o mesas sacramentales fijas y transportables, y 


ni su forma ni los materiales están reglamentados. En la mayoría de 
los casos, el altar es rectangular, tiene una айига de 0,95-1 т y es 
exento para poder rodearlo sin dificultad — Ө. En iglesias reforma- 
boo +: во—— Гоо | das también son posibles otras formas. El altar no debe utilizarse 
hasta que el obispo consagre el templo. 
Presbiterio 
Ante el altar, el presbiterio debe medir 1,5 m de ancho como mínimo, І 
en los laterales y detrás del altar 0,8 т como mínimo (en altares que ТЕ 
se puedan rodear). A menudo está elevado el presbiterio por 1-2 es- ШЕШЕ 
calones. 
Sagrario > Ө 


ө Altar con sagrario, planta (7) Ea sin sagrario, planta 


Cofre para guardar las hostias sagradas. El sagrario y el altar están ETERNAS 


CIA O OO OQ en estrecha relación litúrgica y espacial. dió 


litúrgicos 
Mobiliario, 
sacristía 
Campanarios 


ө Variantes del presbiterio alrededor del altar 


Pila bautismal 


7 


Orientación de los bancos 
de los feligreses al altar y coro 


| 


(Distribución en tres partes Ф Distribución central (3/4 de círculo) (E) Emplazamiento de altar, púlpito y pila bautismal 


Pila bautismal 
a la entrada 


= 


(10) Orientación en la diagonal 
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Gancho para 
sombreros 


11) Bancos para iglesias cristianas Bancos para iglesias cristianas 
con reclinatorio sin reclinatorio 


<9 
2 
anann sOy 
ESOO 


© <5 —1,6 s5 
© | | 
<9 
ES 


(3) 16) Distribución de bancos 
ё para feligreses 


| Entrada iglesia 
católica 


Iglesia 
católica 


NI с" 


і 
а, 


Nave central 
| Pequeño 


Baptisterio= ка 
vestíbulo 1 


rquitectura 


religiosa 


| a Sala parroquial 
IGLESIAS | i ў católica 
CRISTIANAS | © 


Elementos | 
litúrgicos ў ч 
Mobiliario, ca pem 
sacristía j 
Campanarios (7) 


13) Divisiones móviles crean un espacio común, 
iglesia biconfesional, Friburgo Arqs.: Kister Scheithauer Gross 
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IGLESIAS CRISTIANAS 
MOBILIARIO, SACRISTÍA 


Distribución de bancos para los feligreses 

El espacio necesario por plaza de feligrés sin reclinatorio (protes- 
tante) > Ө = 0,4-0,5 m? sin pasillos, por plaza de feligrés con ге. 
clinatorio (católico) + @ = 0,43-0,52 m? sin pasillos. 

La distribución y forma de los bancos o sillas tiene gran importan. 
cia para las dimensiones del espacio, la impresión del espacio, la 
acústica y la visibilidad. En iglesias más pequeñas (capillas) basta 
un pasillo lateral de 1 т de anchura > Ө con banco para 6-10 asien- 
tos o un pasillo central de 1,6 m de anchura con asientos en ambos 
lados como en > Ө. 

Debido al frío que puede notarse cerca de los muros exteriores, es 
habitual disponer de dos pasillos con bancos en medio > O para 
12-18 asientos. 

En iglesias más anchas se suceden correspondientemente más 
pasillos. El espacio necesario por cada puesto sentado oscila entre 
0,63-1 m?, para personas de pie basta con 0,25-0,35 m2. Para ello 
se usa una gran parte de los pasillos, sobre todo ante la pared del 
fondo. Las anchuras de las puertas de salida y las escaleras tienen 
que cumplir con las normativas correspondientes para locales de 
espectáculos y de reunión. El pasillo central en el eje del altar se 
utiliza para el paseo nupcial, procesiones, etc. 

Confesionario — @ 

Asiento cerrado de madera en cuya parte central se sienta el cléri. 
go para oír la confesión. El penitente habla con el sacerdote cató- 
lico desde uno de los dos laterales a través de una ventanilla con 
rejilla de aprox. 30 x 40 cm. El canto inferior de la ventanilla debe- 
ría estar a aprox. 1 m sobre el suelo. El confesionario debe situarse 
en un lugar no demasiado luminoso de la iglesia. 

Debe cuidarse que haya suficiente ventilación. 

Como alternativa también es posible una habitación confesionario. 
Sacristía > Ф 

Espacio de servicio para el clérigo y los objetos litúrgicos. La ubi- 
cación idónea es en el entorno inmediato del altar. 


7 


225 10-25 225 10-25 


80-85 — 
-— 


80-85 


empotrado exento sobre peana 
Diferentes comulgatorios 


o 


Reclinatorio 


L— 220-250 — © 


Sala principal con altar рага 
O hábitos, paramentos altar, etc. 


Ф Zona sacristán 


O) Vestíbulo 

O Aseo 

O Pasillo 

© Acceso al área del altar 


O Acceso a la nave 


O . Ф 
(11) Ejemplo de sacristía 


Separación entre el eje v 
de campana y el eje 
de giro “S” 


Í 
| 
Falda | 
\ 


5 сето 


de gravedad х = 
P=m-9 (m = masa) 
eri өз animen 12) Denominaciones 
А = 1,250 
А = 0,90 
=D = fs Ж =ч 


12) Yugo recto 


Нла.= 0,25 х peso 


Ө Yugo quebrado de acero 


Empuje horizontal 
Ны, = 1,55 х peso dejla campana 


Vmax. = 1,5 х peso 


у є_—ў = сатрапа | о —— сатрапа 
x 
D= ев 0 = 2:8 a 
Рт Suspensión cerca del centro 
Ө Empuje horizontal de gravedad 
м L-” м 
25-30° 
1715 ст Aberturas 
s 10-25° 
ТА. A = 
Buena radiación lejana Lamas prefabricadas 
y amortiguación de los de hormigón 


rayos cercanos 


РРР 


ГАД 
ea 


D, 
o lli 
ZZA ZZZ 


IWS 
SOS 


| ö 


-RF Р. 
+-———Айига mínima de la саја —— 


SS 


ттт 


УУ 


Profundidades: 
> Sy = diámetro oscilación campana 3 = 2,6 х О, 
> S, = diámetro oscilación campaña 1 = 2,6 х D, 


Aberturas acústicas donde no golpea 
el badajo 


ө Саја de campanas (planta) © Caja de campanas (sección) 


IGLESIAS CRISTIANAS 
CAMPANARIOS 


Proyecto 


Debe tenerse en cuenta la norma DIN 4178 (campanarios). 

Un especialista en campanas aconseja sobre el número y tono de 
las campanas, características acústicas y peso. El fundidor proyec- 
ta el armazón de la campana como base para dimensionar la caja 
del campanario y las aberturas. Aporta los datos de las cargas que 
deberá tener en cuenta el calculista. Este debe considerar las car- 
gas estáticas y dinámicas. 


Campanas 
Su peso, aleación y grosor de la falda determinan el sonido. Ac- 
tualmente se emplean dispositivos eléctricos. 


Carillón - Ө - O 

Instrumento musical para solos que, junto con los campanarios 
vecinos, puede formar una orquesta. 

El alcance acústico que se desee lograr determina la altura de la 
caja del carillón en el campanario, que siempre debe estar por 
encima de los edificios vecinos. La calidad del sonido de las cam- 
panas depende del material de construcción y de las características 
acústicas. 


Caja de campanas 

Es la sala de mezclas y de resonancia que determina la calidad 
musical de los tañidos. La caja debe estar completamente cerrada, 
excepto las aberturas acústicas. 


Aberturas acústicas -> Ө 

Es preferible que sean muchas y pequeñas, perpendiculares a la 
dirección de oscilación. La emisión acústica no debe ser superior 
a 30° respecto a la horizontal, para proteger al vecindario. El im- 
pacto del badajo no puede irradiar. Esto también se debe tener en 
cuenta en la disposición de las lamas acústicas. 

El total de las aberturas, si la superficie de las paredes interiores 
de la саја de campanas es plana, 5 % como máximo; y si la super- 
ficie es rugosa, 10 % como máximo. Las superficies de hormigón 
pueden revestirse con madera. 


sol? la bemol 
laz 

la? si bemol? 
sil 

доз 

Чо? ге bemol’ 
гөз 


re? mi Бегтов 
mi? 


ю 


тоо 


о 


poo hu m0 Yo do 


тю 
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(10) Caracteristicas de las campanas . 
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Arquitectura 


religiosa 


IGLESIAS 
CRISTIANAS 


Elementos 
litúrgicos 
Mobiliario, 
sacristía 
Campanarios 


DIN 4178 


Arquitectura 


religiosa 


SINAGOGAS 


Notas generales 
para el proyecto 


A 


П 
D 

Ф 7 
ыз 
lorte 


)-——4 


з УЫП 
1 рете 

пишаа стече р 
паа ` ү 
тиш «ечеи! а 19 
Тоор РРР TIT ET] 

БХСР traes 7 


La mañana (este) 
Sección 


Mediodía (sur) 
Ө Pianta de la cabaña votiva — Ө 


Sur 


0-3,4-6,7 ~13,2 


-26,6 


Ө Tempio de Salomón, Jerusalén. Sección longitudinal 


2 


РРЦ 


0-3,4-6,7 


-0,67 
О Pianta cel tempio 


Contorno 
de sinagoga 
construida 


por Semper 


SINAGOGAS 
NOTAS GENERALES PARA EL PROYECTO 


El primer encargo de Dios para construir un templo, con precisas 
especificaciones formales y técnicas, se encuentra en la Biblia 
(Exodo, 25-27). 

En una sinagoga, el punto de referencia central no es un altar, sing 
el estrado elevado para predicar (А/тетог -> Ө), con dos asientos 
para el rabino y el chantre, desde los que se lee el tora. La sinago- 
ga se orienta hacia Jerusalén. En el testero se encuentra el armario 
para guardar los rollos del tora (Arón Ha-Kodesch > Ө). 

Entre el А/тетогу el Arón Ha-Kodesch se encuentra el pasillo рага 
la solemne procesión de anunciación de los textos sagrados. 

La sinagoga suele estar unida a un centro comunitario en forma de 
sala, para rezos y reunión. El espacio para las mujeres debe estar 
separado y fuera del campo de visión de los hombres; muchas 
veces se sitúa en un lugar elevado. En la entrada se encuentra una 
fuente o una pila para lavarse las manos. El baño ritual (baño judío), 
con un estanque para que se sumerjan las mujeres, se suele situar 
en el sótano y debe disponer de agua natural corriente sin conduc- 
tos de metal. En las sinagogas liberales se colocan a veces órganos, 
pero nunca como piezas para ser contempladas. 

La edificación de una sinagoga es el intento siempre nuevo de re- 
solver un conflicto que se define por el emplazamiento de dos 
elementos espaciales de igual importancia —el Almemor y el Arón 
Ha-Kodesh— dentro de un espacio sagrado. 

En las sinagogas ortodoxas el Arón Ha-Kodesh se encuentra en la 
mayoría de los casos en la pared oriental (mizrají у el Almemor en 
el centro del espacio. En sinagogas liberales se juntan espacial- 
mente los dos elementos y se orientan a la pared este. 

Los símbolos de la estrella de David, del candelabro con siete 
brazos y de las tablas de la ley mosaica son elementos imprescin- 
dibles. 

En la ornamentación quedan excluidas las imágenes de personas, 
solo se admiten motivos florales, geométricos o caligráficos. 


А 


(O) Sata de oración 
(©) Almemor 
O) Arón Ha-Kodesh 
@) Cocina pura (kosher) 
(O) Sala de la asamblea 
© Zona administrativa 
O Locales descanso 
personal 


Vestíbulo de oración en el patio interior. 
Sinagoga de Darmstadt 


Vestíbulo de oración y sala de la asamblea en edificios diferentes, 
separados por atrio. Sinagoga de Dresde Arqs.: Wandei Hoefer Lorch + Hirsch 
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(O) Sala de la asamblea 


© Vestíbulo de oración 


(©) Almemor У © Salas reunión y administración 
(9) Arón Ha-Kodesh O Biblioteca 


(@) Cocina kosher 


Vestíbulo de oración en el patio interior. 


Sinagoga de Darmstadt Arq.: Alfred Jacoby 


MEZQUITAS 
NOTAS GENERALES PARA EL PROYECTO 


Una mezquita es un lugar de oración, centro cultural, lugar de reu- 

nión de la comunidad, tribunal, escuela y universidad (para el Islam, 

el Corán es la fuente central de reglas de la vida, formación, leyes, 

religión, etc.). І 

En los países islámicos, la mezquita se encuentra en el bazar, el 
‚ centro de la vida pública. En los países que no disponen de bazar, 

junto con la mezquita deberían proyectarse otros equipamientos: 

peluquería, tiendas de alimentos, cafetería, etc. 

En la ornamentación no están permitidas las figuras humanas o de 
` animales, solo motivos vegetales y geométricos (arabescos), así 

como versos del Corán en caligrafía árabe. 


1—— 60-80 -= — 62,5 — 


Sala de 
oración 


Minarete 


Minarete 

Las mezquitas pequeñas raras veces disponen de un minarete, pero 
las grandes siempre. En el mundo islámico no existen ni órganos 
ni campanarios. Desde el minarete —al que se accede mediante 
una escalera o ascensor que llega hasta la galería superior, gene- 
ralmente cubierta— resuena cinco veces al día la llamada del al- 
13) scan muecín a la oración; en la actualidad, se efectúa por medio de un 

altavoz, aunque en muchos países no está permitido. 


Sata auxiliar 


Abluciones | Abluciones 
rituales rituales 


Entrada principal 
12) Esquema funcional 


Sala de oración 

Se dimensiona a partir del espacio que necesita una persona para 
rezar, unos 0,85 m?. Suele ser cuadrada o rectangular, a menudo 
cupulada, y está orientada hacia La Meca. En el testero (qibla) está 
el nicho de oración (mihrab) y a su lado el púlpito para la oración 
de los viernes (minbar) por el imán de la mezquita, al que se accede 
siempre con un número impar de peldaños. Existe una división, 
generalmente simbólica, que separa a mujeres y hombres. 


Acceso 
En la zona de la entrada se sitúan estantes para el calzado de los 


creyentes y salas para las abluciones rituales y duchas, siempre 
con agua corriente. El inodoro, generalmente una placa turca, зе ЦТС 
sitúa en perpendicular a La Meca. Estas instalaciones tienen entra- ЩЕ 

das separadas para hombres y mujeres. 


И Fuente ornamental `: 


MEZQUITAS 


Fuente ornamental 

Muchas mezquitas disponen de un райо interior de igual tamaño que rd reacio 
la sala de oración, que en los días festivos se utiliza como ampliación 

de la misma. El patio dispone de una fuente ornamental (tschesche- 

me) para abluciones rituales. En los países cálidos se plantan árboles 

para dar sombra según una configuración geométrica. 


РА 
Y 


Salas anexas 
El programa se completa con biblioteca, sala de conferencias, 


aulas, almacenes y viviendas, al menos para el imán y el almuecín. 


Planta baja Planta sótano 
(O Entr. hombres © Lavamanos 
O Distribuidor Q) Aseo 

O) Zapatos @) Ducha 

@) Oficina @) Baño 


© Sala oraciones © Cocina 
Nivel inf. hombr. © Comedor 


[5] Centro Cultural islámico, Fráncfort 


© Inform. hombres 


© Inform. hombres 


O Entr. mujeres Q Calefacción 

(O) Distribuidor (O) Peluquería 

O Inform. mujeres (O) Aula hombres 

(0 Zapatos @ Biblioteca y sala 

@) Sala oraciones de conferencias 
Nivel sup. @) Aula mujeres 
mujeres @ Baño 

@ Balcón 


(8) Minarete con 
ascensor 
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Sanidad 


ONSULTORIOS 
MÉDICOS 


Consultorios 
individuales y 
compartidos 


Secretaría 


Recepción como esclusa e 
instrumento de control del 
recorrido de los pacientes 


Espacio mínimo para realizar 


entrevistas médicas 


1— 330 — 
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CONSULTORIOS MÉDICOS 
CONSULTORIOS INDIVIDUALES Y COMPARTIDOS 


Consultorios individuales 

Una consulta médica para un especialista debe tener una Superf. 

cie mínima de unos 150 m? y funciones separadas espacialmente, 

que serán compartimentadas y ampliadas según las especialidades. 
En general, se distinguen y separan las zonas de pacientes y del 
personal. 

En el acceso se encuentra la sala de espera, con guardarropa y 
aseos; el área médica con la sala de consultas se ubica junto а ja 
zona de espera, y a su vez deben estar cerca de las salas de 
tratamiento y los laboratorios. Es aconsejable disponer de una 
ampliación del sector de consultas y de exploración médicas para 
repetir tratamientos, al igual que una zona separada para la 
exploración funcional. El número y el tamaño de las salas dependen 
de las calificaciones técnicas de los médicos (internista y médico 
general, cirujano, traumatólogo, ginecólogo, etc.). 

Los aseos para los pacientes, los vestuarios para el personal con 
aseos y las salas de estar del personal completan el programa 
espacial. En la zona de espera es aconsejable tener rincones de 
juegos infantiles separados (por ejemplo, en ginecología). 


Sala de espera 

El tamaño depende del número y la frecuencia de uso de las salas 
de tratamiento con relación a la especialidad del médico. En la 
distribución de un consultorio organizado con cita previa es posible 
minimizar el tamaño de la sala de espera. 

En la recepción se programan las citas y el registro de las presta- 
ciones efectuadas. Desde ella, el personal debe poder controlar la 
sala de espera y el acceso. Es necesario que la conexión con la zona 
de funciones médicas sea lo más corta posible. 


Sala de consultas 

La sala de consultas médicas (12-16 m?) debe estar cerrada visual y 
acústicamente, ya que se utiliza primordialmente para entrevistas 
y asesoramiento médico, así como para estudios de informes 
médicos, diseños de planes de terapia y protocolos. Debe contar 
con un escritorio con ordenador, dos sillas como mínimo y un 
negatoscopio. 


Salas de exploración y de tratamiento 

(2 20 m?) Se diferencian según forma y tipo de tratamiento. El 
equipo mínimo de la sala es una silla y una camilla, un taburete 
giratorio, una mesa de trabajo con lavabo y una mesa de instru- 
mentos. Debe haber la suficiente holgura de movimientos para el 
médico y el paciente. 

El tamaño de otras salas de exploración y tratamiento (terapia, 
rayos X, muestras de sangre) dependerán de los instrumentos, 
aparatos, mobiliario y vestuario (1,5 тг) utilizados para cada espe- 
cialidad. Puede prescindirse de una secretaría por separado. 
Lo mejor son recepciones amplias, con buena iluminación natural, 
lugares de trabajo (ordenador) y acceso directo a las actas de 
pacientes (archivo). Los lavatorios con expendedores de desin- 
fectante adicionales deben disponerse en todas las salas con con- 
tacto a pacientes y de tratamiento. 


Consultorios compartidos 

El concepto de “consultorio compartido” significa que dos o más 
médicos se unen para el ejercicio profesional en común y con 
personal y salas compartidos. También existen los “centros médi- 
cos”, con gran variedad de consultorios dentro de un edificio, cuya 
ventaja son las cortas distancias en caso de tener que consultar a 
un especialista. Con la creación de consultorios comunes se рие-· 
de ahorrar notablemente espacio y mejorar la eficiencia y el confort, 
si, por ejemplo, pueden compartirse unidades de exploración fun- 
cional como rayos X, laboratorios y terapias, al igual que adminis- 
tración y salas del personal. 


www.librosarq.com 
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(1) Conexión entre las unidades 


¡Valores indicativos de superficies Superficie útil según DIN 277 


para hospital general de especialidades 
generales con unas 300 camas 
Áreas funcionales DIN 13080 Superficie por cama 
р (superficie útil/m?) 
+1.00 Exploración y tratamiento 12 
:2.00 Enfermería 18 
3.00 Administración 2 
14,00 Servicios sociales 3 
- [5.00 Abastecimiento y gestión residuos 7 
` | Superficies técnicas 8 m? 
| Circulaciones 19 m? 
` Suma superficie construida útil | Bm o á | 
; Superficie de construcción 11 m? 
{construcción nueva tipo esqueleto) 
Total superficie construida po som o 
12) Valores indicativos de superficies para un hospital normal 
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HOSPITALES 
GENERALIDADES, MODULACIÓN DE MEDIDAS 


Los costes de inversión y servicio que exige la construcción de un 
nuevo hospital son extraordinariamente elevados, por lo que es 
necesario diseñar un plan de funcionamiento y programa espacial 
ajustado para reducir los costes de personal y servicio. La 
planificación se elabora y define conjuntamente con la autoridad 
competente, los promotores, el cuerpo médico, los arquitectos, los 
especialistas y los futuros administradores del hospital. Basándose 
en el programa funcional y la distribución en pianta, debe considerar 
la estructura y la geometría del edificio, al igual que los sistemas 
de instalaciones y acabados, los equipos según las exigencias 
médicas y el mobiliario. Los hospitales, las clínicas y los centros de 
salud son establecimientos dedicados a cuidar y proporcionar 
asistencia a pacientes con enfermedades agudas o crónicas. Según 
su tipo y envergadura, los objetivos médicos asistenciales determinan 
el número y el tamaño de cada unidad de especialidad y tratamiento. 
El área de hospitalización de los hospitales modernos tiene un 
ambiente tipo hotel. El ambiente habitual antiguamente, que hacía 
hincapié en las exigencias higiénicas, no es aconsejable. El tiempo 
de estancia de un paciente es cada vez más corto. En hospitales 
especializados, la relación de superficies de las unidades de 
asistencia con las zonas de exploración y tratamiento se acerca a 
la proporción 1:1. Las reformas del sistema sanitario denotan un 
gran cambio en el ámbito de los hospitales y de su financiación: 
pueden ser públicos, privados o de caridad. 


Organización 

Los hospitales generales se estructuran en los siguientes sectores 
funcionales: asistencia, exploración y tratamiento, aprovisionamien- 
to, retirada de residuos, administración e instalaciones técnicas. 
A estos sectores se añade una zona de viviendas, en muchos casos 
una zona de enseñanza e investigación (clínicas universitarias), así 
como las correspondientes salas auxiliares. Los sectores enume- 
rados están claramente diferenciados en el funcionamiento interno 
del hospital. Lo importante es conseguir una rápida comunicación 
vertical y horizontal, manteniendo el mayor grado de sectorización 
posible. Los hospitales se dividen, según su función, en hospitales 
generales, hospitales especializados y clínicas universitarias. Los 
cambios actuales en las políticas de salud tienden a otras estruc- 
turas de financiación y a nuevas tipologías de construcción, como 


centros de atención sanitaria и hoteles para pacientes. Los hospi- ` 


tales se dividen en edificios de asistencia básica (hasta aprox. 
240 camas), de asistencia general (hasta aprox. 520 camas) y de 
asistencia especializada (hasta 800 camas), en dependencia direc- 
ta con sus respectivas especialidades. 


Clínicas universitarias 

Las clínicas universitarias, junto con los grandes hospitales gene- 
rales, son los establecimientos sanitarios que ofrecen mayores 
servicios y disponen de unas instalaciones de diagnóstico y terapia 
especialmente amplias, debido a que también realizan trabajos de 
investigación y docencia. Las aulas y salas de demostraciones se 
deben ordenar de manera que la presencia de alumnos no afecte 
al buen funcionamiento del hospital. Las habitaciones deben ser 
más grandes para facilitar las visitas con alumnos. En muchos 
casos, las clínicas universitarias exigen la redacción de un progra- 
ma de necesidades especial. 


Hospitales especializados 

Están orientados a determinados tipos de tratamiento o grupos de 
enfermos: hospital de accidentados, clínica de rehabilitación, clíni- 
ca ortopédica o clínica maternal. También son frecuentes los sa- 
natorios para tuberculosis, oncológicos, neurología, etc.; o una 
combinación de balneario, centro de rehabilitación y residencia de 
ancianos. El número de estos hospitales va en aumento, debido a 
la intensificación de las especializaciones médicas. 
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MEN Helipuerto 
онн өресі КЕЕ 3" planta Enfermería 42-48 camas 
Enfermería 36 camas ШЕШ 2* planta Enfermería 42-48 camas 
—— NECE 


Personal | Ambulatorio РВ Cafetera Emergencias Acceso 
— | Unidad expior. funcional/end.| Administrac. Rayos-X ambulanc.| «— 
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GENERALIDADES, MODULACIÓN DE MEDIDAS 


Programa espacial 

Antes del proyecto básico debe contarse con un programa funcio. 
nal detallado de las necesidades y la estructura de todo el hospital 
La posible creación de especializaciones de un hospital repercute 
en el tipo y el tamaño de cada una de las unidades. Los Valores 
indicativos de superficies facilitan una visión general con relación 
al tamaño de cada área funcional. 

Por todo ello, los valores indicativos son solo recomendaciones, y 
dependerán de la especialización del hospital y de las prestaciones 
que ofrezca. 


Planificación de obras 

En la concepción del proyecto es muy importante considerar las 
posibles modificaciones de uso durante la vida útil del hospital, Por 
ello, deben considerarse trayectos de trabajo cortos, desarrollos 
eficientes y relaciones funcionales. 

Para el proyecto de edificios nuevos de asistencia general pueden 
calcularse 42 m? de superficie útil por cama y unos 200-280 ms de 
volumen total construido por cama. 

Por lo general, los hospitales se construyen en diferentes etapas 0, 
según sea el caso, como ampliaciones de hospitales existentes, 
Por ello, se realiza un plan de desarrollo anticipado (a escala 1:500), 
que indica las distintas etapas y plantea un orden logístico. La cons- 
trucción y el diseño (dirección de circulaciones, pasillos) tendrán 
en cuenta diferentes posibilidades de ampliación. El arquitecto debe 
prestar atención anticipada a las ordenanzas y reglamentaciones 
vigentes para la construcción de hospitales (ordenanza general para 
construcción de hospitales, ordenanzas de trabajo en hospitales, 
ordenanza regional sobre la edificación, etc.). 


Coordinación de medidas según DIN 18000 

Una ordenación modular de las medidas es el punto de partida 
más favorable para poder satisfacer las exigencias de estrategia 
Че! proyecto. Esta modulación de las medidas está definida en la 
norma DIN 18000, donde se establecen los sistemas de referencia, 
los módulos básicos y múltiples para determinar la función, la si- 
tuación y las dimensiones de un elemento constructivo E DIN 
18000). Para la construcción de hospitales se recomienda el mó- 
dulo 12 M = 1,2 m. Si la modulación resultante es demasiado 
grande, es preferible atenerse a 6 o 3 M. En el sistema reticular así 
formado se encajan todas las partes del edificio. Una vez estable- 
cidas las retículas horizontal y vertical se puede incorporar la es- 
tructura portante. La unificación de las medidas tiene consecuen- 
cias muy favorables para el desarrollo de la construcción. El 
módulo dimensional se debe adaptar a los sistemas de construc- 
ción existentes en el mercado. 


Retícula estructural 

En la construcción de hospitales, la retícula estructural no puede 
derivar de algunos espacios dominantes, sino que depende del 
proceso laboral interno en las diferentes unidades de funciona- 
miento. 

Además, este módulo estructural debe permitir una buena ordenación 
de las circulaciones, así corno la posibilidad de una diferenciación 
entre las unidades de funcionamiento de uso principal, auxiliar y 
circulaciones. 

La comparación entre diferentes unidades de funcionamiento y sus 
espacios necesarios conduce a una retícula estructural adecuada 
para todas las unidades de funcionamiento, 

La experiencia y la práctica aconsejan establecer una retícula estruc- 
tural de 7,2 0 7,8 т. 

Con estas dimensiones entre pilares pueden proyectarse adecuada- 
mente todas las unidades de un hospital. Las retículas menores no 
son convenientes, уа que es más difícil situar las grandes salas (р. е., 
los quirófanos) que no deben tener pilares intermedios. 


Pasillo principal abierto, área de 
unidades de enfermería junto al 
área de exploración y tratamiento 


Pasillo principal cerrado, área de 
unidades de enfermería sobre área 
de exploración y tratamiento 


Pasillo principal cerrado, área de 
unidades de enfermería al lado de 
área de exploración y tratamiento 
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Vida útil 
Estructura, elementos constructivos y equipamiento presentan un 
período de vida diferente. La estructura deberá estar compuesta de 
pilares y vigas, para que la construcción sea lo más flexible posi- 
ble. Según las unidades, tanto el equipamiento como los elementos 
constructivos suelen sustituirse tras un período de entre 5 y 10 años, 
lo cual puede repercutir de manera importante en la estructura espa- 
cial (р. ej., aceleradores de partículas, tomógratos para resonancias 
magnéticas). El montaje y desmontaje de este tipo de aparatos debe 
considerarse en la fase de planeamiento para evitar modificaciones 
posteriores de la estructura portante (costes elevados). 
Solar 
El solar para un hospital de nueva planta debería ofrecer suficiente 
espacio para el edificio, accesos, posibles ampliaciones y, a ser po- 
sible, en un lugar tranquilo y no contaminado. En su elección deben 
tenerse en cuenta las vías de acceso para visitas y pacientes, perso- 
nal, suministros y ambulancias, así como helipuerto. El tamaño míni- 
mo en planta de un hospital quirúrgico medio es de unos 15.000 тг. 
Orientación 
La orientación más favorable para las salas de tratamiento es a 
norte, entre noreste y noroeste. Para las habitaciones de enfermos, 
la mejor orientación es de sur a sureste: sol agradable por la maña- 
na, poca acumulación de calor, escasas medidas de protección 
solar, ambiente templado al atardecer. Las salas orientadas al oeste 
o al este tienen ип asoleo más profundo en verano, pero en invierno 
apenas disponen de sol. 
Tipologías 
La forma del edificio viene determinada en gran medida por la elec- 
ción del sistema compositivo y de recorridos. Por ello, al comenzar 
el proyecto es preciso decantarse por un esquema con pasillos 
principales formando “figuras” ramificadas (unidades por separado) 
o por uno con una distribución radial que parta de un núcleo central. 
También debe considerarse la posibilidad de realizar ampliaciones. 
Una solución práctica consiste en anexionar la nueva construcción 
a ип pasillo principal. Deberán evitarse los recorridos cerrados en sí 
mismos, ya que las ampliaciones conllevarían costes elevados y la 
intervención en áreas en funcionamiento. Al edificar en altura hay que 
procurar que las funciones de asistencia, tratamientos, abastecimien- 
to, evacuación, acceso de camillas, patio de servicios, garaje subte- 
rráneo, almacenes, administración y servicios médicos estén bien 
relacionados y de fácil acceso. A continuación se propone un mo- 
delo de articulación vertical adecuada: я 
- Planta de cubiertas: helipuerto, central de climatización. 
Plantas 2-3: unidades de asistencia. 
Planta 1: quirófanos, central de esterilización, unidad de cuidados 
intensivos, maternidad, asistencia posparto y asistencia infantil. 
- Planta baja: vestíbulo, radiología, servicios médicos, ambulatorio, 
entrada camillas, urgencias, información, administración, cafetería. 
Sótano 1: depósito, fisioterapia, cocina, central de climatización y 
ventilación, radioterapia, acelerador de partículas. 
Para esto se deben considerar las diferentes exigencias de alturas 
de piso: unidades de enfermería aprox. 3,4 m (descontando 
la construcción = losa de hormigón con construcción de suelo = 
35 cm = 3,05 de altura libre), área de exploración y tratamiento aprox. 
4,2 m de altura de piso total, aprovisionamiento y/o instalaciones 
técnicas aprox. 4,2-5 m de altura total de planta. 
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contigua a la de exploración y tratamiento 
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Acceso EJE 
ambulancias Hospitalización central Servicio clínico Médicos Servicio religioso/ MPLOs 
Urgencias de médicos de turno Servicio sociai 
Radiografías [5] Radiología Acceso Acceso psiquiatría 
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11) Hospital católico de San Juan Nepomuceno, Erfurt, planta baja Arqs.: Thiede Messthaler Klósges 


Enfermería general — cirugía Enfermería general – ginecología 


07 
LUFET | 
anaf 


Enfermería general - сїгидїа/ 
otorrinolaringología 


ә) 


a pr 


E 


[EN 
naco J 
в [са 


Consultorios medicina interna 


„т | Abastecimiento z 
Diálisis LR de esterilización Quirófanos 


Administración Medicina intensiva 
(2) Clínica Helios, Gotha, planta primera ` Агаз.: Wörner + Partner 
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(4) Pasillo de trabajo, abastecimiento, (5) Pasillo de trabajo en la unidad 
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PASILLOS, PUERTAS, ESCALERAS, ASCENSORES 
Pasillos 
Los pasillos se deben dimensionar para la mayor circulación 
previsible. Los pasillos de acceso público deben tener al menos 
150 cm de anchura. Aquellos por los que hayan de pasar camillas 
deberían tener una anchura libre de 225 cm como mínimo. El falso 
techo suspendido se puede bajar en los pasillos hasta una altura 
de 240 cm. Las ventanas para iluminación y ventilación no deberían 
distar más de 25 m entre sí. La anchura útil de los pasillos no puede 
reducirse puntualmente por la existencia de pilares u otros elementos 
constructivos. Según las normativas locales de edificación, puede 


- ser necesario colocar puertas de protección contra humos en los 


pasillos de las diferentes unidades. 


Puertas 

La posición y ta elección de las puertas deben acometerse con gran 
atención en la planificación de hospitales. El tipo y la calidad de las 
puertas interiores dependen de las exigencias acústicas y de pro- 
tección contra incendios. El revestimiento superficial debe ser re- 
sistente a los productos de limpieza y de desinfección a largo 
plazo. 

Las alturas libres de las puertas dependen de su tipo y función: 

- Puerta normal (medidas de obra gruesa): 88,5 х 213,5 cm. 

~ Puertas para acceso de camas: 126-137,5 х 213,5 cm. 

- Puertas en pasillos: 240 х 240 cm/doble hoja. 


En los muros cortafuegos deben colocarse puertas RF90, que és- 
tarán abiertas mediante dispositivos de retención electromagnéti- 
ca de modo que no entorpezcan los servicios. 


Escaleras 

Por motivos de seguridad, las escaleras se construirán para que, 
en caso de necesidad, tengan capacidad suficiente para la circu- 
lación vertical global. Deben estar protegidas contra la transmisión 
de ruidos y olores, y en ellas no deben existir corrientes de aire. 
Además, cumplirán las correspondientes normas de seguridad 
aplicables en cada caso. Las escaleras deben disponer de pasa- 
manos en ambos lados, sin extremos libres. No son admisibles las 
escaleras principales de caracol. La anchura útil de las escaleras y 
rellanos debe ser 1,5 m como mínimo y no puede ser superior a 
2,5 m. Las puertas no pueden reducir la anchura útil de los rellanos 
(р. еј., al abrirse). Se aceptan peldaños con una contrahuella 
< 17 cm y se exige una huella > 28 cm. Se recomiendan peldaños 
con una relación huella/contrahuella de 30/15. Normativa para hos- 
pitales: las puertas que conducen a las cajas de escalera deben 
abrirse en el sentido del recorrido de evacuación. 


Ascensores 

Los ascensores deben permitir el transporte vertical de personas, 
personal y todos los materiales de abastecimiento y desecho. Por 
motivos higiénicos y estéticos debería establecerse una separación 
de usos. Las dimensiones de la cabina de ascensores portacamillas 
permitirán colocar una cama de hospitalización y dos acompañan- 
tes. La superficie interior debe ser lisa, resistente a la limpieza y 
desinfectable, el suelo será antideslizante. Las cajas de ascensores 
deben ser resistentes al fuego. Por cada 100 camas se calcula un 
ascensor polivalente para el transporte de camas, pacientes que 
puedan andar y visitas. 

Además, se dispondrán ascensores más pequeños y en una buena 
situación para aparatos móviles y personal: 


0,9 x 1,2 т 
1,25 х 1,5 т 


~ Medidas interiores de la cabina: 
- Medidas interiores de la саја de ascensor: 
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DIN 1380 


información y documentación 
Biblioteca 


Exploración y tratamiento 


Hospitalización y urgencias 
Servicio médico 

Diagnóstico funcional 
Endoscopia 

Laboratorios de análisis clínicos 
Patología 

Diagnóstico de radiología 
Diagnóstico medicina nuclear 
Quirófanos 

Matemidad 

Radioterapia 

Terapia de medicina nuclear 
Fisioterapia 

Terapia ocupacional 

Servicios de personal de turno 


Servicios sociales 

Equipamiento de servicio 

Serv. asist. religiosa y serv. social 
Vestuarios del personal 
Comedores del personal 
Aprovisionam. y gestión residuos 
Abast. mat. clínico y medicinas 
Abast. material esterilizado 
Abastecimiento de aparatos 
Preparación de camas 
Aprovisionamiento alimentación 
Abastecimiento de ropa 

Атас. y recepción suministros 
Mantenimiento y reparaciones 
Eliminación de residuos 

Servic. manutención y transporte 


Enfermería 

Enfermería general 
Neonatología 

Medicina intensiva 

Diálisis 

Enfermería pediátrica 
Enfermedades infecciosas 
Enferm. psiquiátr. y salud mental 
Enfermería de medicina nuclear 
Enfermería de internamiento 
Geriatría 

Clínica de día 


Investigación y docencia 
Investigación 

Docencia 

Formación y cursos 


Otros 

Servicios de urgencia 

Diálisis de cuidados limitados 
Guardería infantil 

Servicios externos 

Servicios internos 

Vivienda 


Administración 
Dirección y administración 


Archivo 


Configuración de un hospital en áreas funcionales y en unidades de funciones 
según DIN 1308 


Diagnóstico rayos X 
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Urología 


Ө Fracción de planta, hospital Luckenwalde, 300 camas 
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HOSPITALES 
ÁREAS FUNCIONALES 


Un hospital se organiza por áreas y unidades funcionales, reguladas 
en la norma DIN 13080: 


— Exploración y tratamiento 
— Enfermería 

— Administración 

— Servicios sociales 

— Investigación y docencia 
— Otros 


Dentro de la organización de un hospital, las áreas de exploración 
y tratamiento, junto con las unidades de enfermería, son las más 
importantes, por sus particularidades médicas y de equipamiento 
técnico. 

El tipo de contacto entre paciente y médico varía según la especia. 
lidad, así como también la frecuencia de las exploraciones a los 
pacientes. La definición exacta de la situación de las áreas de ex- 
ploración y tratamiento en el edificio y entre ellas debe efectuarse 
de una manera global. Las diferentes unidades del área de explo- 
ración y tratamiento deben emplazarse preferentemente en los 
niveles de sótano, planta baja y primer piso. Para ello debe con- 
centrarse el programa de usos ambulatorios en la planta baja. 

Es importante disponer todo el conjunto de especialidades médicas 
en un área comunicada para asegurar una mejor cooperación 
y consulta, 


Acceso de ambulancias/urgencias 
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Planta baja de ambulatorio, hospital Berlín-Spandau 
(actualmente clínica Vivantes Bertín-Spandau) Агдз.: Heinle, Wischer y Partner 


(2) Urgencias, clínica Helios, Gọtha Arqs.: Wörner + Partner 


HOSPITALES 

AMBULATORIOS 
Ambulatorios 
La situación de las salas de tratamiento para enfermos ambulatorios 
tiene especial importancia. 
En el proyecto debe preverse una circulación separada para la zona 
de urgencias y la de ingresos hospitalarios. El número de pacientes 
depende del tamaño del centro hospitalario y de las especialidades 
médicas que atienda. Si se prevé una llegada regular de casos de 
urgencia por accidente, se puede crear una unidad propia, sepa- 
rada del resto del hospital. De todas maneras, existirá una comu- 
nicación rápida con las unidades de radiología y de quirófanos. Es 

` preciso considerar la creciente importancia de las operaciones 

ambulatorias (prever zonas de espera de mayor tamaño y salas de 
tratamiento). І 


Cirugía ambulatoria 

En el futuro, el número de cirugías ambulatorias irá en aumento. 
Estas unidades podrán vincularse a los hospitales existentes inte- 
gradas en las áreas quirúrgicas o como consultorios autónomos. 
En un hospital, esta unidad debe estar situada cerca del acceso 
principal y de la unidad de urgencias. 

Los pacientes que se tratan en centros quirúrgicos ambulatorios 
(para la realización de tratamientos quirúrgicos electivos, en el 
marco de un concepto de tratamiento ambulatorio, de clínica de 
día o en régimen de internamiento corto) están en una condición: 
corporal y anímica diferente a la de los pacientes ingresados por 
urgencias para tratamientos en régimen de internamiento. 

Unos sistemas de señalización comprensibles, así como un am- 
biente alegre y que inspire confianza, son elementos especialmen- 
te ventajosos 

La unidad ае cirugía que tenga como especialidad la cirugía am- 
bulatoria electiva contará con un programa espacial “moderno”, de 
pequeños quirófanos (aprox. 30 m3), una sala de cambio de cami- 
lla multifuncional, pequeñas salas de lavado para dos quirófanos, 
una sala de reanimación para cinco enfermos y un área de descan- 
so. No son precisas las salas de acceso de camillas, salida de 
camillas, depósitos y clásicas esclusas para pacientes. 


Centros de atención primaria 

Son centros de salud de consultas, separados del hospital pero 
asociados a uno de ellos. Atienden a pacientes en el marco de un 
tratamiento ambulatorio o de corta estancia. La estructura espacial 
y la organización de las instalaciones de enfermería hospitalaria son 
sustancialmente diferentes de la de los hospitales. Debe conside- 
rarse el espectro de enfermedades y prestaciones médicas y pue- 
den reducirse las instalaciones médicas técnicas. Las exigencias 
higiénicas del equipamiento interior es menos estricta (p. ej., suelo 
alfombrado, parqué). 

En ellos no se realizan cuidados en régimen de internamiento ni 
terapia para pacientes con enfermedades contagiosas o crónicas 
и otras complicaciones, р. ej., quirúrgicas. En consecuencia, las 
exigencias normativas para edificios hospitalarios pueden suavi- 
zarse mediante solicitudes de licencia especial cuidadosamente 
justificadas o, incluso pueden quedar derogadas según las carac- 
terísticas del proyecto. 

La cantidad y la calidad de las instalaciones de ventilación, anes- 
tesia, brazos de suministro de techo, dispositivos de protección 
contra la radiación, etc., debe revisarse, pues puede obtenerse un 
importante ahorro. Para la mayor parte de las intervenciones qui- 
rúrgicas no es necesario tener las instalaciones de acondiciona- 
miento y filtración de aire para reducción de gérmenes y partículas 
(DIN 1946-4), de modo que también la definición previa de la gama 
de operaciones que se ofrecerán tiene una dimensión económica. 
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HOSPITALES 
CENTROS DE ATENCIÓN PRIMARIA, EJEMPLos 


(1) Sala de intervenciones 20 m? Recepción/espera 55 m2 @ Sala intervenciones quirúrgicas 7 тё Sala de servicios, vigilancia 17 m 

(2) Sala ventilación 32 тг Archivo, servidor 7 m2 Quirófano Espera cirugía ambulatoria 23 тг 

(3) Preparación de instrumentos 8 m2 ® Sala de entrevistas aprox. 18 m? Lavado 7 m? Sala de desinfección 14 m2 

(4) Pasillo interno (4) Oficina 13 m2 Esclusa de desechos 7 тг Sala de estar del personal 14 m2 

(5) Preparación, sala de recuperación (45) Sala de estar del personal 14 m? Ў Esclusa de pacientes 19 m? Sala de aislamiento 8 m2 
postanestésica 19 m : (6) Esclusa de abastecimiento 8 m? Sala de recuperación postanestésica Sala de espera 17 тг 

© Depósito 8 т? @ Almacén de material estéril 50 m2 (4 puestos) 40 m2 Esclusa de quirófanos 14 m2 

(7) Esclusa del personal 7 m2 (8) Sala eléctrica 7 m2 Sedantes 10 m2 Tratamiento 12 m? 

(8) Desechos 6 m? Aparatos de quirófanos aprox. 12 m2 Anestesia local 19 m? Unidad ambulatorio del dolor 16 те 

(9) Vestuarios * Antesala lavado intervenciones 15 m? Sala de descanso postoperatorio Oficina 15 m2 

(0) Sala de médicos 18 m? (12 puestos) 110 m? Sala de entrevistas 
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(Т) Ergómetro de bicicleta 36 m? @@ Enfermería/urgencias 24 m2 
(2) Fisioterapia GD Médico 24 т? 
O Fisioterapia grupal 58 m? 49 Diagnóstico funcional 15 m? 
(4) Habitac. 1 cama, aprox. 13 m2 (8) Secretaría 11 m2 


Sala estar pacientes 12 m2 
Sala estar pacientes 22 m? 
Almacén de aparatos 


(5) Asesoramiento 18 m? (4) Rec/acces./cafetería 51 m? il ч ml руа 
(6) Sala de seminarios 27 m? (5) Vestuarios aprox. 9 m2 Recepción/reconocimiento 18 гп? 
Q) Sala de descanso 25 m? (9) Habit. 2 camas aprox. 23 m2 Exploración y tratamiento 18 m? 
(8) Almacén Suite 23 т? Ropa 5 m2 
(9) Cocina pers./sala estar 21 m2 Sala estar personal 12 m2 @ Vestuarios del personal aprox. 11 тё 
©) centro médico en el hospital Oskar-Ziethen, Berfin-Lichtenberg Args.: Deubzer König Architekten 
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Ф Unidad de servicio clínico 


Zona de espera 


Zona de espera 


; 12) Servicios clínicos interdisciplinarios Arqs.: Thiede Messthaler Klóges 


Unidad de endoscopia y exploración funcional, 
hospital Belzig, 200 camas 


Атдз.: Thiede Messthaler Klósges 


HOSPITALES 
EXPLORACIÓN Y TRATAMIENTO 


Hospitalización y urgencias 

Su situación debe facilitar el acceso de los pacientes que lleguen 
a urgencias, tanto de los que lo hagan en camilla, que deben ha- 
cerlo con rapidez a través del acceso de ambulancias (altura mín. 
= 3,5 m), como de los que lo hagan por sus propios medios por el 
acceso principal. Una ubicación eficiente de esta unidad es frente 
al acceso principal. 

La unidad se compone de una fila de pequeñas salas de exploración 
y tratamiento (16-21 m?) equipadas con una camilla, una pequeña 
lámpara cialítica, armarios con lavamanos y, en algunos casos, un 
vestuario de pacientes. Aparte de esto, debe disponerse una sala 
de yesos, una de primeros auxilios y reanimación y salas de inter- 
venciones quirúrgicas (parecidas a quirófanos), todo ello cerca de 
la unidad de radiología. 

Las unidades de medicina clínica, cirugía y anestesia deben agru- 
parse en la proximidad. 

En el acceso de ambulancias debe preverse espacio para 2 carni- 
llas y 2 sillas de ruedas como mínimo. 


Servicios clínicos 
Bajo este concepto se resumen todos los despachos de dirección 
de cada una de las especialidades. El clásico grupo de salas de 
servicio clínico se compone de un despacho de jefe médico con 
secretaría, un despacho de director médico y una sala de explora- 
ción con zona de espera y aseos antes de llegar a estas salas. Las 
salas de los servicios clínicos configuran el núcleo de la zona ат- 
bulatoria del hospital en la planta baja. 
~ Medicina general (medicina interna). 
Según la especialidad, se disponen las siguientes salas para 
servicios médicos: 
- Oftalmología 
Sala de tratamiento (25 т2) con lámpara de hendidura, que pue- 
da oscurecerse, salas de tratamiento de estrabismo, sala de 
láser. 
- Otorrinolaringología. 
Sala de tratamiento (25-30 m3), que pueda oscurecerse, con 
estación de trabajo para la exploración o sillón de tratamiento. 
= Urología. 
Conectado con el diagnóstico de rayos X. La sala de tratamien- 
to (25-30 m3) dispone de una mesa de exploración endoscópica, 
equipamiento con irrigador colgante, desagúe en el suelo. Co- 
munica con una sala de instrumentos con lavado. 


Diagnóstico funcional 

La unidad de diagnóstico funcional está adquiriendo una importan- 
cia cada vez mayor debido tanto a los avances en los métodos de 
reconocimiento cardiológico y torácico como al aumento de los 
transtornos cardiovasculares y respiratorios. 

A todas las salas de reconocimiento y de preparación (como el 
cuarto para mediciones con catéter) debe llegarse a través de un 
vestidor. 


Endoscopia 

Un endoscopio es un instrumento de espejo que sirve para la ilu- 
minación y observación de los interiores corporales de un pacien- 
te por las aberturas naturales del cuerpo, previa administración de 
anestesia local. 

Se distingue entre gastroscopia, rectoscopia, bronquioscopia, la- 
paroscopia y citoscopia. La preparación de aparatos se encuentra 
directamente al lado de las salas de exploración y tratamiento. Los 
aseos de los pacientes deben estar justo junto a estas salas. Esta 
unidad está formada por las Zonas de espera de camillas y las 
salas de descanso para pacientes (dos puestos de cama por cada 
sala de endoscopia). 


` 311 


Sanidad 


HOSPITALES 


Generalidades, 
modulación 

de medidas 
Proyecto 
Ejemplos 
Pasillos, puertas 
escaleras, 
ascensores 
Áreas funcionale 
Ambulatorios 
Centros de 
atención primari 
ejemplos 
Exploración 

y tratamiento 
Enfermería 
Administración, 
servicios sociale: 
Abastecimiento 
y gestión 

de residuos 
Aprovisionamien- 
to técnico 


HOSPITALES 


Generalidades, 
modulación 
de medidas 

Proyecto 
Ejemplos 
15108, puertas, 
escaleras, 
ascensores 
sas funcionales 
Ambulatorios 
Centros de 
nción primaria, 
ejemplos 

Exploración y 

tratamiento 
Enfermería 
administración, 
vicios sociales 
wastecimiento 
y gestión 

de residuos 
rovisionamien- 
to técnico 


28 so 15 вто 22 225 33015 480 15 22215 
т = ТРУ ўр 
Dirección | 
10 
E 
a 8 
S y 
Б> TAS 
т" LOTA T 
2] HH! 2 
. ЕЕ |" 
oa N + 
[e] Sg 
& © 
Ma == 
Š 8 
2+ En es 
10 
o] a 
aH 2 
8 || о 
g так > 
z з ©з 
4 a 
Ez и 
ER 
MH d a+ 
i i 
S М 
N 1, Й 3 
N 
N kes 
N] 2 
№ 
ч 
© 
i Sol e 
22 22225 500 190 25 Ñ 


Área de laboratorios de las clínicas 


Dr. Horst-Schmidt, Wiesbaden Arqs.: Wörner + Partner 
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Hospital comarcal de Soitau, 
354 camas Arqs.: Poelzig, Biermann 
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Prospectura del Hospital St, 
Clemens en Geldern, 480 camas 
Arqs.: Poelzig, Biermann 


ө Hospital de Múnich-Harlaching, 687 camas Агдѕ.: Wichtendaht, Roennich 


312 


HOSPITALES 
EXPLORACIÓN Y TRATAMIENTO 


Laboratorio de análisis clínicos 

Se encarga fundamentalmente de la organización y el análisis de 
pruebas de sangre, orina y heces. El laboratorio propiamente dicho 
debe ser un espacio amplio con lugares de trabajo de pie y sentado. 
Los laboratorios especiales se alojan en cuartos anexos separados. 
Entre las dependencias auxiliares figuran la sala de estar para ej 
personal, fregaderos, cuarto de vertido, sala de desinfección y cá- 
mara frigorífica. Comunicación rápida con otras unidades mediante 
un sistema de tubos neumáticos. Las unidades de laboratorio pueden 
estar separadas del todo y trabajar para varios hospitales. 

Unidad de anatomía forense, patología 

Esta unidad de un hospital está compuesta por las salas de conser- 
vación y disección, el depósito de ataúdes, la capilla ardiente, la sala 
de amortajar y los vestuarios para los patólogos. También hay que 
procurar que los familiares del difunto puedan localizarla fácilmente 
y que el recorrido de los empleados de pompas fúnebres sea lo más 
corto posible, Debería emplazarse cerca del patio de servicio. 
Diagnóstico radiológico 

Contiene salas en las que se utiliza radiación iónica para diagnósticos 
y fines terapéuticos. Es esencial la proximidad al ambulatorio y al 
acceso de ambulancias. Como los aparatos suelen pesar mucho 
(hasta 14 t), es razonable que la unidad esté situada en la planta baja 
o en el sótano. Las salas de diagnóstico individuales facilitarán 
recorridos cortos por parte del personal que las atiende. Es conve- 
niente proyectar un corredor interno que también sirva de almacén, 
sala de dictado y, dado el caso, cabina de mandos. 

Los tamaños de las salas dependen de su contenido. Ecografía, 
mamografía y radioscopia maxilar precisan unos 15-18 m?; las de 
examen con rayos X y de toma de clichés entre 20-30 m2. El acce- 
so de los pacientes debe producirse a través de dos vestidores. 
También es necesario colocar una puerta ancha para camas (1,25 т). 
Las salas de examen dispondrán de aseos adjuntos para las en- 
doscopias de estómago e intestino. Las salas de angiografía pre- 
cisan un cuarto de preparación con un sistema de armarios (lavabos, 
armario para medicamentos). Estarán disponibles gases medicina- 
les. La sala para tomografía asistida por ordenador requiere 35 гп. 
Los pacientes acceden a ella a través de esclusas o vestuarios. La 
cabina de mandos está conectada a la sala mediante una puerta y 
ventanas. Conviene planificar un cuarto para el cuadro de mando 
(10 m?) y otro para el revelado (10 тё). Paredes y techos se prote- 
gerán con láminas de plomo (p ej., alojadas en placas de cartón 
yeso). Los valores equivalentes de plomo en paredes y techos son 
específicos de los aparatos, por lo que es absolutamente necesa- 
rio colaborar con los fabricantes de máquinas de rayos Х. 


Hospital público de Fulda, 732 camas, situación en el centro del área 
de exploración y tratamiento, cercano a las funciones de diagnóstico funcional 


y de medicina nuclear Arqs.: Köhler, Kássens 
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(Т) Sala de recuperación postanestésica 


Q) Vestuarios del personal Entrada y salida 

(3) Esclusa de suministros Sala elé 

(4) Esclusa de residuos Sala recup. postanestésica infantil 
(5) Cambio de camilla de pacientes Eliminación material estéril 

($) Sala de control de quirófanos Limpieza de mesas móviles 

Q) Limpieza de carros/almacén Sala de descanso del persona! 

(Y) Quirófano Laboratorio de examen histológico 
($) Aparatos Sala de yesos 


Bloque quirúrgico, clínica Helios 


en Berlin-Buch, 1.000 camas Arqs.: Thiede Messthaler Kiósges Keitel 


(Soporte de cubetas sin calefacción 


HOSPITALES 
EXPLORACIÓN Y TRATAMIENTO 


La ubicación del bloque quirúrgico tiene una importancia decisiva 
en la distribución general de un hospital. Durante el proyecto debe 
considerarse la proximidad de esta área a la unidad de medicina 
intensiva, la unidad de recuperación postanestésica y la unidad 
central de esterilización, para garantizar una buena comunicación 
entre ellas. Las unidades quirúrgicas se sitúan eficientemente en un 
lugar central y de fácil acceso en el núcleo del hospital. 
Distribución del bloque quirúrgico | 

En cada quirófano deben estar las siguientes salas o zonas: 

- Quirófano, antequirófano o sala de inducción, esclusa de salida, 
sala de lavado, almacén de material estéril. Esto corresponde auna 
superficie total de aprox. 80 m?. 

El quirófano en lo posible tendrá forma cuadrada, para facilitar el 
trabajo al girar la mesa quirúrgica en todas las direcciones (tamaño 
aprox. de 6,5 x 6,5 m). La altura libre debe ser de 3 m; se deben 
Calcular de 70 a 80 cm más de altura para la climatización y las 
instalaciones. Los quirófanos deben organizarse de manera homo- 
génea para permitir la colaboración interdisciplinar. El equipo básico 
se compone de un sistema móvil y variable de mesas de operacio- 
nes, ancladas a un soporte fijo en el centro del quirófano. 
Circulaciones 

Para reducir la transmisión de bacterias por contacto se debe rea- 
lizar una separación entre los diferentes procesos de trabajo. En la 
actualidad ya no es aceptable el sistema de pasillo único, compar- 
tido por pacientes operados y por operar, materiales esterilizados e 
infectados, personal preoperación y postoperación, sino los sistemas 
de dos pasillos, en los que se separa la circulación de pacientes y 
personal, materiales esterilizados e infectados. De todas maneras, 
no hay unanimidad respecto a la separación óptima entre los dife- 
rentes usos, la más aceptada consiste en una separación entre 
pacientes y la zona de trabajo del personal. 

Un antequirófano o sala de inducción de anestesia solo tiene sen- 
tido en caso excepcionales. Su tamaño es de aprox. 3,8 x 3,8 m. 
Contará con puertas correderas eléctricas en la cara exterior del 
quirófano, de 1,4 m de anchura libre, y una ventana que comunica 
visualmente con el quirófano. El equipamiento consiste en frigorífico, 
fregadero, mueble de lavado, armario para catéter, conexión para 
aparatos anestésicos y suministro energético de emergencia. 

Una sala de salida postoperatoria (reversión de anestesia) solo 
tiene sentido en casos excepcionales. Está equipada como el ante- 
quirófano. La puerta hacia el pasillo de trabajo es corredera y con 
una anchura libre de 1,25 т. Se debe contemplar un fregadero. 
Una sala de lavado para, como mínimo, seis plazas de uso simul- 
táneo por parte de todo el equipo quirúrgico; comunicará directa- 
mente con el quirófano. La anchura mín. de la sala es de 1,8 m. Las 
puertas al quirófano dispondrán de motores de apertura automática. 
Сада quirófano requiere un almacén de material estéril de aprox. 
10-15 m? al cual se acceda directamente. Algunos sistemas consis- 
ten en una disposición con una gran sala central para el material 
estéril. El almacén de equipos no debe estar situado muy lejos del 
quirófano. Su tamaño es de 20 m? aprox. 

El control de quirófanos se debe instalar en un lugar central y con 
grandes superficies acristaladas para poder ver el pasillo de trabajo. 
Además de un escritorio, contará con armarios y una pizarra para 
organizar los procesos internos. 

Las salas de dictado sirven para que los médicos redacten los in- 
formes después de la operación; pueden ser pequeñas, de 6 m2. 
En cada unidad quirúrgica debe haber un cuarto de limpieza de 
5 m? para limpiarse y desinfectarse después de cada operación. 
Cerca de la esclusa de pacientes se debe considerar suficiente 
espacio para guardar las camillas limpias y preparadas. Por cada 
quirófano se debe reservar espacio para una cama limpia adicional. 
Los aseos pueden estar distribuidos solo en el área de la esclusa y 
deben evitarse en el bloque quirúrgico, por razones higiénicas obvias. 
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Los quirófanos deben estar conectados a una serie de salas da 
trabajo y de aprovisionamiento. 

Al bloque quirúrgico pertenecen también las esclusas para el per- 
sonal y los pacientes, la zona para preparación de equipos, la eş- 
clusa de residuos, la de abastecimiento, superficies para colocar 
mesas de operaciones y la sala de recuperación postanestésica, 
todas ellas situadas en la inmediata proximidad. ` 
La esclusa para pacientes está integrada con las funciones de 
cambio de camillas, preparación de las mesas de operaciones уе! 
almacén de mesas de operaciones. 

Las instalaciones para operaciones cuentan con grupos electróge- 
nos de emergencia con el fin de que, en caso de corte de suminis- 
tro eléctrico, se garantice la continuación de la operación hasta 
llevarla a su término. 

Cuidados postoperatorios 

La sala de vigilancia debe acoger a los pacientes de varios quiré. 
fanos tras la operación. El número de camas necesarias se calcu- 
la multiplicando el número de quirófanos por 1,5. Se debe añadir 
un pequeño cuarto con una pileta vertedero. Debe existir un pues- 
to de vigilancia para enfermería desde el que se vean todas las 
camas. Para que los pacientes puedan orientarse con más facilidad, 
es conveniente que dispongan de luz natural. 

La sala de preparación de equipos anestésicos dispone de una 
parte sucia para material no estéril, contaminado con gérmenes, y 
de otra limpia para aparatos ya preparados. 

Cuenta con de dispositivos de lavado, espacio de almacenamien- 
to, superficie de trabajo y esterilizadores de vapor. El instrumental 
de operaciones será preparado exclusivamente en la unidad cen- 
tral de esterilización ubicada en el exterior del bloque quirúrgico. 
Una sala de yesos con mesa de enyesado también forma parte 
del programa espacial de una unidad quirúrgica, sobre todo si está 
especializada en cirugía ortopédica/traumatológica. 

Las dimensiones de la sala de personal depende del tamaño de 
la unidad de quirófanos. Por cada equipo de operación (médicos, 
enfermeros, anestesistas) se debe contar con ocho colaboradores. 
Esta sala debe tener suficientes asientos, armarios y un fregadero, 
Es aconsejable la iluminación natural del quirófano, aunque en 
muchos casos no es posible debido a su situación 

La subdivisión de los quirófanos en zonas sépticas y asépticas es 
médicamente discutible, pero tiene sentido desde el punto de vista 
preventivo. Las paredes y el pavimento deben ser lisos y fáciles de 
limpiar. La iluminación de la zona de operación debe permitir orien- 
tar la luz en cualquier ángulo según la situación de la herida opera- 
toria. El sistema de iluminación más empleado es la lámpara cialí- 
tica de brazo instalada en el techo, formada por una luminaria 
cenital orientable y equipada, la mayoría de las veces, con una lumi- 
naria auxiliar en posición de satélite. En la luminaria principal hay una 
serie de luminarias más pequeñas que evitan la formación de sombras. 
Climatización А 

La climatización debe ser total, sin recirculación de aire y con filtros 
de polvo y desbacterialización. El aire impulsado a través de la 
instalación de climatización debe estar preparado y en la cantidad 
necesaria. Para alcanzar una descontaminación correcta del aire 
entre dos operaciones se necesitan 15-20 cambios de aire por hora. 
El espacio de quirófanos debe carecer de bacterias, para ello, no 
puede existir ninguna corriente sin controlar desde las salas adya- 
centes. Esto se puede lograr con un cierre estanco al aire en la zona 
de quirófanos (sistema de construcción con juntas estancas) y/o 
manteniendo una presión de seguridad (presión más elevada en la 
zona a proteger que en las salas adyacentes). La norma DIN 1946 
parte 4 establece la dirección de circulación del aire entre las salas 
de la zona de quirófanos. La presión debe ser superior en los qui- 
rófanos que en las salas de anestesia adyacentes, la presión míni- 
ma corresponde a las salas auxiliares. Las ventanas de los quiró- 
fanos deben estar equipadas con manillas con cierre. 
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Maternidad hospitalaria 

Además de prestar asistencia en los partos naturales, en el bloque 
obstétrico se tratan las posibles complicaciones del embarazo. Por 
lo tanto, es estrictamente necesaria una sala de intervenciones 
parecida a un quirófano (para cesáreas) junto a los paritorios. Si no 
es posible prever tal sala de intervención dentro de la unidad de 
maternidad hospitalaria, esta se ubicará cerca del área quirúrgica 
general. La zona de salas de parto o paritorios debe estar vincula- 
da a las zonas de atención a parturientas y recién nacidos. Al blo- 
que obstétrico pertenece una sala de matronas y vigilancia (con 
grandes ventanas), así como una sala de dilatación. Las salas de 
parto están equipadas con una mesa para cambiar pañales con 
lavatorio integrado y calefactor radiante. Existen otros equipamien- 
tos para distintos tipos de parto (p. ej., bajo el agua). Suele tener 
buena aceptación una bañera de relajación cerca de los paritorios. 
En la unidad de maternidad hospitalaria trabaja un equipo propio 
con su respectiva sala de estar, oficio limpio, oficio sucio, recepción, 
aseos para personal y para pacientes. 

Radioterapia 

Las salas destinadas a radioterapia requieren unas medidas de 
seguridad especialmente elevadas. Se deben cumplir las siguientes 
normas (en Alemania): Ley del Átomo (1976), Protección frente a 
las Radiaciones (1976), Normativa de los Rayos X (1973), Directrices 
sobre la Protección de Accidentes para la aplicación médica de 
materiales radioactivos, DIN 6811, DIN 6812, DIN 6846, DIN 6847 
y DIN 6834. La protección frente a la radiación mediante elementos 
constructivos se puede alcanzar colocando plomo o con gruesas 
paredes de hormigón, p. ej., hormigón borítico. 

El elevado peso propio de los aparatos de radiación y la protección 
constructiva necesaria frente a los rayos exigen que la unidad de 
radioterapia esté situada en el sótano o en la planta baja. La altura 
libre de las salas de radiación debe ser de 3 m; el grosor de las 
paredes de hormigón: 3 m en las salas de tratamiento y exploración, 
y 1,5 m en las salas secundarias de la unidad, según el tipo de 
aparato. 
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Radioterapia, hospital Werner-Forámann, Eberswalde 
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Fisioterapia, primera planta del hospital Berlín-Spandau (actualmente clínica 
Vivantes Berlín-Spandau) Агаз.: Heinle, Wischer und Partner Freie Architekten 
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Fisioterapia 

Esta unidad puede ubicarse en el sótano, aunque contará соп 
suficiente iluminación natural mediante lucernarios o patios 
ingleses. { 

La unidad de fisioterapia está separada en un área seca y otra 
húmeda. Esta última está compuesta por una piscina para 
gimnasia acuática (aprox. 4 x 6 m), el “baño cuádruplo”, el “baño 
mariposa”, sala de inhalación, bañeras de hidromasaje, baños 
para pies y manos, y las salas auxiliares correspondientes. Este 
ámbito debe disponer de una entrada con recepción. La ѕера- 
ración entre las zonas húmedas y secas debe ser clara. 
Dentro de los cuartos auxiliares figuran los vestuarios para 
mujeres y hombres, aseo para personas en silla de ruedas, 
para personal y para pacientes, sala de estar, almacén para 
sábanas y toallas, zona de espera, cuarto de limpieza y cuartos 
de instalaciones para la piscina. 

En el área seca se dispone un gimnasio de unos 40-50 m? para 
terapias grupales, así como para terapias particulares (unos 
20 m3), camillas de Bobath y terapias de movimiento. La altura 
libre debe ser de al menos 3 m. 

Las salas terapéuticas descentralizadas pueden estar también 
cerca de otras unidades (p. ej., cirugía traumática, traumatología). 
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Las unidades de hospitalización se organizan como unidades cerra- 
das. Debe evitarse el paso a través de ellas con una buena organi- 
zación de las circulaciones. Las habitaciones de hospitalización 
deben tener iluminación natural. Las salas auxiliares —+tratamiento, 
salas para enfermería, farmacia— que no se utilizan como lugares 
de trabajo permanente pueden proyectarse en la zona interior, ilumi- 
nadas con luz artificial. 

El tamaño normal de una unidad es de 30-36 camas. En caso de una 
distribución eficiente de las salas centrales funcionales (control de 
enfermería, cuarto limpio, etc.), pueden unirse varias unidades. 

En otros tipos de distribución de las unidades de enfermería pueden 
lograrse unos tamaños de unidad eficientes de hasta 48 camas. Las 
habitaciones deben ordenarse para que quede suficiente libertad de 
movimientos y pueda accederse a las camas desde dos lados. Así 
mismo, dispondrán de suficientes armarios para los pacientes, y 
espacio para los medios auxiliares de cuidado (andador, silla de 
noche) y utensilios médicos. 

Enfermería general І 

Las unidades de enfermería general atienden a los pacientes en ré- 
gimen de internamiento, en especial a los enfermos de períodos de 
internamiento breves pero agudos. Deben estar situadas una sobre 
otra. En hospitales, y en caso de que tengan la misma necesidad de 
superficie, estarán en la misma posición en todas las plantas. 

Las unidades individuales de un hospital se usan cada vez más de 
forma interdisciplinaria y sin división por sexos. Por esto deberían 
ser proyectadas como módulos combinables. Cada unidad debe 
contar como mínimo con un despacho para que el médico realice 
pequeñas exploraciones. 

Relaciones espaciales 

Desde el dispensario (acristalado) de enfermería debe poder vigilar- 
se el pasillo. Los cuartos con medicamentos y ropa deben alcanzar- 
se desde el dispensario (se evita el acceso a los mismos de personal 
по autorizado). La logística del cuidado de los enfermos reviste una 
gran importancia desde el punto de vista económico, por tanto, los 
cuartos de abastecimiento y evacuación de medicamentos, ropa, 
alimentos y residuos tienen que agruparse en torno al dispensario. 

Aseos з 

Cada habitación debe contar con su propio aseo con inodoro, lava- 
bo y, en algunos casos, también ducha. A veces se plantean salas ТЕ 
de ducha separadas. Los aseos deben ser accesibles para usuarios 
en sillas de ruedas, en este aspecto, deben considerarse las alturas 
del lavabo y del inodoro (lavabo, mínimo 86 ст). El inodoro para HOSPITALES 

sillas de ruedas debe ser instalado a unos 49 cm de altura (de suelo Generalidades, 
a canto superior de asiento). Cada unidad debe poseer aseos para modulación 
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Dimensiones de las habitaciones 

Las camas de hospitalización deben estar libres en tres de sus lados y, 
junto a ellas, espacio para una mesilla de noche. Debe poderse colocar 
una mesa (90 x 90 cm) con sillas (una silla por paciente) junto a la ven- 
tana. El armario empotrado, por lo común en la pared del pasillo, tiene 
que poder abrirse sin que sea necesario desplazar camas ni mesillas. 

La dimensión mínima para una habitación individual es de 16 m2, En 
habitaciones dobles y triples hay que sumar 8 m? por persona (normati- 
va oficial para la construcción de hospitales). La anchura de los cuartos 
debe permitir la salida de las camas del fondo sin necesidad de despla- 
zar las anteriores (anchura mínima 3,45 m para una distancia entre ejes 
de 3,6 т). 

Equipamiento de las habitaciones de hospitalización 

Para proteger las paredes de los desperfectos causados por el movi- 
miento de camas, mesillas de noche y carritos de consulta, es preciso 
montar un protector de plástico o madera (altura 40-70 cm sobre el 
suelo) en todas las paredes. Este sistema de protección es obligatorio 
también en los pasillos de la unidad. 

Los armarios para pacientes deben ser suficientemente grandes. Re- 
sulta conveniente proyectar un compartimento para maletas por encima 
del armario y una caja de seguridad en el interior del mismo. 

Las puertas de las habitaciones deben ser de 1,26 x 2,13 m. Es pre- 
ciso considerar su grado de protección acústica (a ser posible, 32 dB). 
Con frecuencia es necesario colocar dispositivos de protección acústica. 
Resulta recomendable emplear un contrapeso para cierre automático en 
Р И А la parte superior de las puertas, уа que la apertura con los picaportes 
Е de estar de pacientes (5) рЫ отоо y gestión residuos convencionales es difícil para algunos pacientes y para personal con 
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14) Unidad de hospitalización (337 camas), planta segunda, unidad de hospitalización general, 
clínica pública de Brandenburgo del Havel, Nueva ala este Arqs.: Heinle, Wischer und Partner 
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Cuarto limpio/preparación de medicamentos 

Debe tener unos 20 т? y disponer de estantes fijos o de un sistema 
modular de almacenamiento flexible, que se carga en el almacén 
central, así como armarios para medicamentos. También frigoríficos 
especiales para medicamentos y cajas fuerte para anestésicos. 
Cuarto sucio 

Debe quedar cerca de las habitaciones, y se dispondrá un cuarto 
de este tipo cada ocho camas. Contará con un fregadero para 
limpieza y desintección (vaciado de cuñas), un lavabo, una encime- 
ra de trabajo iluminada y armarios o estantes para sacos vacíos de 
ropa sucia. Tamaño aprox., 8-10 m?. 


` Dispensario de enfermería 


El dispensario debe estar colocado en un lugar central dentro de 
la unidad, y su tamaño debe oscilar entre 25-30 m2, Las paredes 
deben estar acristaladas y cumplir con las medidas necesarias para 
protección contra incendios, por lo que se recomienda consultar 
con el servicio de bomberos y técnicos especializados en protección 
contra incendios desde fases iniciales del proyecto. 

Sala de estar para el personal 

Tamaño aprox., 16 т2, con equipamiento propio de cocina y un 
frigorífico y taquillas para el personal. 

La cocina está pensada para la unidad, apta para calentar y prepa- 
rar pequeñas raciones de comida para pacientes. El equipamiento 
dependerá de la organización de la cocina principal, p. ej., del sis- 
tema de distribución de comidas con carros térmicos. 

Médico de unidad : 

El médico de la unidad debe tener la posibilidad de poder examinar 
a un paciente. Aparte del escritorio, contará con espacio suficiente 
para estantes y una camilla de exploración. Tamaño aprox., 16- 
20 m2. 


Sala de estar para pacientes 

Concebida como lugar de reunión de pacientes, su dimensión debe 
ser de unos 22-25 m2, y el mobiliario creará un ambiente doméstico. 
No es necesario televisor, pues las habitaciones ya cuentan con 
ellos. Está terminantemente prohibido fumar en recintos hospitala- 
rios. 

Baño para pacientes 

Dotados frecuentemente de bañeras con elevador a las que se 
puede acceder por tres de sus lados. La ducha es opcional cuando 
existe un cuarto separado con ducha para personas con discapa- 
cidad (1,4 x 1,4 m). а 


Sala técnica 
Cada unidad debe disponer de un cuarto de instalaciones técnicas 
con un cuadro eléctrico de distribución. Tamaño 8 m2. 


Arqs.: Thiede Messthaler Kldsges 
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Bebés y prematuros 
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Unidad de bebés sanos y prematuros 
con 27 camas, Fulda 


1—— 3,6 —H— 3,6 —— 
12) Cuidado de bebés con infecciones, variante de habitaciones Ага.: Deilmann 


EH—— 5 ——— 
Cuidado de bebés con infecciones, Cuidado de bebés con infecciones, 
variante de habitaciones variante de habitaciones 
Arq.: Deilmann Arq.: Mayhew 
Т 


7,5 


(5) Habitación individual con sala separada para el recién nacido Arq.: Mayhew 
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16) Cuidado а las madres у recién nacidos 


Arq.: Mayhew 
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Unidad de maternidad 

La zona de maternidad abarca todas las actividades médicas, corpora. 
les, psicológicas y sociales, que son necesarias tras un parto normal, 
Después de un alumbramiento sin complicaciones, la asistencia de las 
pacientes puede incluirse entre la asistencia normal. Cuando el cuidado 
de los recién nacidos está centralizado, se sitúa en un extremo o en la 
zona intermedia de la unidad de asistencia al parto. Para disminuir ej 
riesgo de infecciones, la zona se divide en grupos pequeños. El trans- 
porte de los recién nacidos junto a sus madres para ser amamantados 
se realiza a través de carritos individuales o en brazos hasta la habitación 
correspondiente. Este sistema individual favorece un contacto más 
frecuente e intensivo entre madre y bebé que soluciones anteriores con 
salas de lactancia. Colocar a la madre y al recién nacido en la misma 
habitación evita el transporte de los bebés y libera así al personal, pero 
requiere un aprovisionamiento descentralizado de los recién nacidos, 
que es mucho menos rentable, 

Las unidades de asistencia generalmente son menores que las de 
asistencia normal. Por motivos higiénicos, son preferibles unidades 
pequeñas (menor fluctuación de personal y visitas), el tamaño más 
conveniente de las unidades de asistencia se sitúa entre 10 y 14 camas, 
Desde el punto de vista higiénico, las madres y los recién nacidos plan- 
tean requisitos más elevados que los pacientes ingresados en la unidad 
de asistencia normal. Por ello, se debe prever una esclusa con guarda- 
rropa para las visitas. Las camas se deben proyectar igual que en la 
unidad de asistencia normal, la separación entre camas debe ser mayor 
para poder colocar las cunas de los bebés. En las zonas de sanitarios 
deberían instalarse duchas y polibanes, ya que las pacientes no pueden 
tomar baños tras el parto. 

Debería instalarse una unidad funcional de asistencia especial para 
neonatos, para los recién nacidos con bacterias patógenas. Contendrá 
camas en compartimentos estancos, puestos de tratamiento y puestos 
de trabajo. En la zona de funciones auxiliares se deben incorporar los 
siguientes elementos o salas: puesto de servicio para enfermería jefe de 
la unidad, sala de descanso de enfermería, cocina, sala de médicos, sala 
de reconocimiento y tratamiento, sala aséptica de trabajo, baño para las 
pacientes, sala de estar para pacientes y visitas, cuarto de limpieza, 
almacén y aparatos, aseo para el personal y las visitas, armarios para 
ropa, así como una sala de entrevistas para los familiares. 
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(7) Neonatología, clínica universitaria de Leipzig 
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Arqs.: Wörner + Partner 
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Habitación de cuidados intensivos, 
Heinrich-Heine-Universitát, Dússeldorf 


Conexión con área quirúrgica 


provenientes 
del quirófano 
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Almacén residuos 
Esclusa para camas/visitas/abastecimiento 


Cuarto limpio 
Cuarto sucio 


Unidad de cuidados intensivos, hospital 
de Luckenwalde, 10 camas 


Arqs.: Heinle, Wischer und Partner 
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Unidad de cuidados intensivos (UCI) 


- En la UCI se tratan pacientes con graves problemas en sus funcio- 


nes vitales, donde se realiza una observación constante del pacien- 
te por parte del personal médico y de enfermería. Es necesaria una 
conexión corta y directa con el área quirúrgica y el médico de 
guardia (anestesia). 

La organización de la ОСІ ве realiza en función de las diferentes 
disciplinas médicas, como neurocirugía, cirugía del tórax y del cora- 
zón, trasplantes y neurología, o según campos que abarcan varias 
especialidades quirúrgicas y de medicina interna. En la mayor parte 
de los hospitales sin ninguna especialidad médica concreta, suele 
establecerse una división entre cirugía y medicina intema. 

La unidad de cuidados intensivos debe estar separada espacial- 
mente del resto del hospital, y su acceso será a través de esclusas 
(por razones de higiene). 

En el centro de todas las UCI hay que colocar un puesto de control 
de enfermería desde donde se observan todas las habitaciones. 
El número de pacientes por ОСІ dependerá del tamaño total del 
hospital (de 6 a 36). En cada UCI debe haber un despacho, un 
cuarto limpio (preparaciones de medicamentos y de infusiones), 
un almacén de materiales y de equipos. 

Las camas pueden colocarse en disposición abierta, cerrada o 
combinada. Las disposiciones abiertas necesitan una sala de gran 
superficie, 

Desde el control de enfermería pueden supervisarse fácilmente 
todas las camas, separadas visualmente con mamparas a media 
altura y desplazables. En las disposiciones cerradas, los pacientes 
están separados en salas individuales. 

Deben preverse los siguientes espacios: sala de anestesia, almacén 
de material estéril fungible, cuarto sucio, cuarto de limpieza, sala de 
estar para familiares, despacho del médico de guardia, sala de docu- 
mentación y, quizá, una sala de reuniones. 

En cada cama deben instalarse tomas de oxígeno, aire comprimido 
y vacío. 


465 156 аво 15 а5 15 15 250 
с 
N 
L 
№ 
е 
malo 
3 
N 
ТЕ = 
шш 
Lil 
LJ 
H 
$ Е 
я 
С) 
= 
a+ = 
g © ® ® 
С © (1) Equipos (%) Almacén de residuos 
X (2) Despacho (0) Electricidad 
E а G) Sala de estar personal (4) Cuartos limpio y sucio 
X| @ (4) Intervenciones (2) Cocina del personal 
Ж (5) Habitación sencilla (3) Sala de trabajo 
— EN (©) Habitación doble Puesto de servicio 
(7) Patinejo de instalaciones Esclusa cambio de camillas 
E Vestuarios Cuarto de limpieza 
460 51 аво 15 aos 15 aos 15,65 15190 » к h 
| р 


(3) Unidad de cuidados intensivos, clínica Helios, Gotha “ 


Arqs.: Wómer + Partner 


321 


Sanidad 


HOSPITALES 


Generalidades, 
modulación 

de medidas 
Proyecto 
Ejemplos 
Pasillos, puertas 
escaleras, 
ascensores 
Áreas funcionale 
Ambulatorios 
Centros de 
atención primari 
ejemplos 
Exploración 

y tratamiento 
Enfermería 
Administración, 
servicios sociale 
Abastecimiento 
y gestión 

de residuos 
Aprovisionamier 
to técnico 


Sanidad 


ISPITALES 


1eralidades, 
modulación 
de medidas 
Proyecto 
Ejemplos 
Os, puertas, 
escaleras, 
ascensores 
funcionales 
mbulatorios 
Centros de 
Sn primaria, 
ejemplos 
«ploración у 
tratamiento 
Enfermería 
tinistración, 
оз sociales 
stecimiento 
y gestión 
Je residuos 
sionamien- 
to técnico 


Dormitorio Puesto de servicio enfermeras Tratamiento 
Médico Guardarropa personal Sala lactancia 
Sala descanso 
Unidad de niños con 28 camas, personal 


Hospital Municipal de Velbert 


Habitación individual y doble muy 
protegida frente a radiaciones de 
la zona de control Arq.: Deilmann 


Агаѕ.: Krúger, Krüger, Rieger 


Habitación cuádruple con todo el 
equipamiento para la asistencia 
básica. Para pacientes de larga 
estancia Arq.: Deilmann 
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— 


Unidades de asistencia 


de 18 camas Cuarto sucio 


Unidad de habitación para pacientes psíquicos leves 
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Asistencia de bebés y niños 

Los pacientes, alojados generalmente en clínicas especializadas 
en pediatría, se diferencian en bebés (35 %), bebés prematuros 
(13 %), niños pequeños y en edad escolar hasta una edad de 14 años 
(22 %), y según enfermedades infecciosas (22 %). Al hospitalizar a 
estos pacientes infecciosos debe evitarse el contacto con otros 
pacientes o personal. Las ventanas deben protegerse para que los 
niños no puedan abrirlas. Las instalaciones eléctricas y de calefac- 
ción no deben suponer un peligro para los niños. Contará con aulas 
y salas para entretenerlos y jugar. En enfermedades como paperas, 
varicela, difteria, escarlatina y tuberculosis se deben prever unida- 
des aisladas. Las paredes serán lavables hasta una altura de 15m. 
El diseño interior debe emular el ambiente de una guardería, con el 
objeto de evitar connotaciones hospitalarias. 

Cuidado de pacientes psíquicos 

Las particularidades de las enfermedades psíquicas requieren la 
planificación y el equipamiento de unidades de asistencia cerradas 
y abiertas (pacientes muy enfermos y pacientes que necesitan 
tratamiento). Se caracterizan por una necesidad elevada de espacios 
para el día, comedores y salas para terapia de grupos, ya que los 
pacientes por lo general no deben guardar cama. Lo óptimo es 
planificar pequeñas unidades de asistencia (hasta 18 pacientes) 
con recorridos cortos, buenas posibilidades de vigilancia y el equi- 
pamiento confortable necesario para ofrecer al paciente un ambien- 
te doméstico. La tendencia es integrar la unidad de enfermos psí- 
quicos en los hospitales generales, para evitar su aislamiento. 
Cuidado de pacientes en tratamiento de radioterapia 

Al planificar los grupos de asistencia de medicina nuclear, destina- 
dos al diagnóstico y terapia de pacientes sometidos a radiaciones, 
deben cumplirse las normas de protección frente a radiaciones. El 
tamaño de un grupo de asistencia debería ser como el de los gru- 
pos de las unidades de asistencia normal. La unidad se organiza 
en una zona de control y otra de vigilancia. De esta manera se 
separan los pacientes que reciben más radiaciones de aquellos que 
reciben menos. Por consiguiente, los pacientes se deben hospita- 
lizar preferentemente en habitaciones individuales. 
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Centro de día 

Con arreglo a la nueva reforma 
sanitaria, algunos departamen- 
tos se disgregan de los hospita- 
les y sus funciones se traspasan 
a consultorios privados; el es- 
pacio que ya no se necesita 
puede transformarse en centros 
de día. 

Este tipo de centros están pen- 
sados para pacientes que nece- 
sitan atención médica solo du- 
rante el día, sin tener que pasar 
la noche en el hospital. También 
las operaciones ambulatorias 
pueden asistirse de este modo. 
Es preciso proyectar una entra- 
da independiente, pues los pa- 
cientes de estas unidades no 
dependen del hospital. 

Tanto la recepción como las 
salas de espera presentan un 
diseño cualitativo desprovisto 
del “carácter hospitalario” y más 
parecido al de las consultas 
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Ventanas 

Administración 
Archivo radiografías 
(5) 


e Vestíbulo entrada 


Fregadero 
($) Cocina 
Q) Comedor personal 


Hospitales de Herdecke/Ruhr, 192 camas, 


vestíbulo de entrada y unidad de administración Arq.: Bockenmúhi 
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ADMINISTRACIÓN, SERVICIOS SOCIALES 
Dirección y administración 
Los locales de administración se dividen en aquellos para la atención 
de pacientes y otras salas. 
Las salas de recepción e ingreso de pacientes y las circulaciones 
de familiares deben ubicarse cerca del acceso principal. 
Los locales para el funcionamiento interno son las oficinas del di- 
rector de administración con secretaría, oficina de contabilidad y 
de recursos humanos, a lo que se añade salas de conferencias y de 
reuniones. En hospitales grandes también trabajan en la adminis. 
tración los trabajadores sociales y los psicólogos. 
La racionalización creciente en materia de contabilidad y el uso de 
la informática exigen suelos técnicos registrables y despacho сеп. 
tral con correo neumático. 


Archivo 

Es conveniente que exista un recorrido corto entre los archivos y 
las zonas de trabajo, pero generalmente es difícil conseguirlo. Puede 
situarse en el sótano con una escalera de conexión. 

Deben distinguirse almacenes y archivos para actas, bibliografía, 
películas, documentos, administrativos, radiografías, etc. Para re- 
ducir la superficie pero conservando la capacidad de almacena- 
miento, son útiles las estanterías móviles. Debe tenerse en cuenta 
la gran carga de los estantes (hasta 1.000 kg/m). Las actas de 
pacientes tienen un plazo de almacenamiento de 30 años. 


Biblioteca 

Las bibliotecas médicas pueden ser de libre consulta o tener un 
depósito cerrado y un servicio de préstamo de libros. Una buena 
parte de los fondos consiste en revistas. Es importante que haya 
suficientes puestos de lectura con lámparas, puestos de trabajo 
con lectores de microfilmes, proyectores de diapositivas y ordena- 
dores. También es conveniente que esté conectada a los sistemas 
de transporte del hospital. 


Equipamiento de servicios 

Acceso principal 

La entrada principal debe ser sencilla y fácil de reconocer. En ella 
se produce el tránsito general de pacientes y visitas, el acceso de 
taxis, vehículos en general y plazas de aparcamiento para personas 


* con discapacidad. Deben evitarse en lo posible accesos especiales. 


El vestíbulo debe diseñarse según el principio de puertas abiertas 
y sala de espera para visitas. Su distribución se asemeja al vestí- 
bulo de un hotel. En el vestíbulo de acceso se realiza la separación 
de pasillos para visitas, pacientes ambulatorios y en régimen de 
internamiento que puedan andar y tránsito de trabajo. 


El tamaño del vestíbulo depende del número de camas del hospital. 
Consta de recepción y centralita telefónica (12 m2) combinables 
con la oficina de correos. Suele haber también cabinas telefónicas, 
quiosco de dulces y flores, artículos de papelería, etc. Una cafetería 
bien equipada a disposición de las visitas y pacientes las 24 horas, 
emplazada directamente en el acceso, con variedad de platos 
calientes y frios. Debe tenerse en cuenta el almacenamiento propio 
y la disposición de salas para el personal según la Ordenanza de 
seguridad e higiene en el trabajo. 


Servicios de asistencia social y espiritual 

Se entiende por asistencia espiritual una capilla o una sala de re- 
cogimiento espiritual, no diferenciada por confesión. Esta sala 
comunica con los recintos para el sacerdote, la sacristía y las salas 
secundarias. Además, pertenecen a esta área las oficinas de la 
asistencia espiritual y de los trabajadores sociales. 


ВИ HOSPITALES 
ABASTECIMIENTO Y GESTIÓN DE RESIDUOS 


Abastecimiento y gestión de residuos 

El aprovisionamiento clínico y técnico se ubica en naves separadas 
o en una planta propia para suministros y eliminación de residuos 
(sótano) del edificio central del hospital. Debe disponerse un acceso 
para vehículos al patio de servicio, separado de la entrada principal 
y del acceso de ambulancias. La orientación al norte de las áreas de 
abastecimiento y gestión de residuos es idónea. Los recorridos 
interiores y exteriores se deben coordinar de modo que se eviten ' 
interferencias con las circulaciones de las unidades de asistencia 
y de tratamiento. 

"Al realizar el proyecto debe considerarse que este ámbito del hospi- 
tal ocasiona ruidos y olores molestos (contenedores de residuos, 
basuras de la cocina). Se tiende a una centralización cada vez mayor 
de las instalaciones de aprovisionamiento y eliminación, así como a 

Unidad central de aprovisionamiento de las Clínicas Universitarias de Colonia. la descentralización de algunas áreas funcionales (р. ej., lavandería, 

Cocina de alimentos preparados Атаз.: Heinle, Wischer cocina). 
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Unidad central de esterilización 

La central de esterilización debería estar cerca de la unidad quirúr- 

catas gica, ya que la mayoría de instrumentos van destinados a ella. Para 

AS y esterilizaciones rápidas en intermedios, la unidad quirúrgica debería 
disponer del equipamiento necesario para subesterilización. En es- 

trecha conexión con la central de esterilización está el almacén ge- 

neral para medicamentos e instrumental médico. 

Zona de preparación de todo el instrumental hospitalario. La parte 

principal pertenece al área quirúrgica (un 40 %) y las UCI y la medi- 

Farmacia cina intensiva interna (un 15 % cada una). 

La cantidad de esterilizadores depende del tamaño del hospital y de 

la unidad quirúrgica. Tamaño aprox., 40-120 m2. 


Alm. farmacia 


A ¡ie Aprovisionamiento de medicamentos 
Farmacia hospitalaria 
En los hospitales grandes y medianos, la farmacia gestiona las rece- 
tas y realiza fórmulas magistrales dirigidas por un farmacéutico. Las 
salas prescritas por la normativa son: farmacia, sala de material, 
Unidad central de aprovisionamiento de las Clínicas Universitarias de Colonia, sótano de medicamentos, laboratorio, sala de escribir, empaquetar 
Cocina de alimentos preparados Arqs.: Heinle, Wischer + ie] Й Р 

y lavar, sala de vendas y hierbas medicinales, sótano aislado para 
líquidos inflamables, sótano para ácidos y recipientes y, en caso 
necesario, un dormitorio para el servicio nocturno. En la oficina debe 
haber una mesa para recetas, sala de empaquetar y lavar y un sóta- Sanidad 
no de específicos. El equipamiento es similar al del dispensario. Al 
buscar un lugar para la farmacia se debe considerar su cercanía a 
los ascensores, el correo neumático, etc. Debido al almacenamiento 
de líquidos inflamables y ácidos, así como de diversos estupefacien- 
tes, es preciso aplicar las correspondientes medidas de seguridad 


HOSPITALES 


Generalidades, 


modulación 

en paredes, techos y puertas. de medidas 
` Е, Proyecto 
Dispensario Ejemplos 


En los centros sin farmacia completa, el suministro de medicamentos eme ig; 


que necesitan autorización se realiza desde el dispensario. Este está ascensores 
© Farmacia para un hospital de f ¡ 2 к Áreas funcionales 
о Sótano — Ө 'ormado por una sala de trabajo y entrega (25 m?) con acceso direc- Ambulatorios 


tamaño medio con 500-600 camas р р Me ы k 
to desde el pasillo de circulación. El equipo se compone de escrito- a 
rio, lavamanos, fregadero, báscula y armarios con llave. A su lado ejemplos ` 
А н 2 А Exploración 
debe haber un almacén seco de específicos (15 m?), una cámara y tratamiento 


frigorífica (10 m3), una sala para materiales peligrosos, así como un Enfermaria 
A М ip Administración, 
cuarto de vendas y un almacén húmedo. Todos ellos deben cumplir Servicios sociales 


las normas de bomberos. En los hospitales de nueva planta es más Abastecimiento 


к м а y gestión 
conveniente planificar una farmacia completa. de residuos 
Aprovisionamien- 
Central de camas id técnico 


La preparación de camas y colchones (para su nuevo uso) se realiza 
hoy en día normalmente con un desinfectante en aerosol directa- 
mente en la unidad, e incluso en la misma habitación. 

Con esto se suprime el traslado de muchas camas dentro del edificio 
y la fuerte carga mecánica y de humedad de las camas en las antiguas 


; E=] 
0- 00000 00000 
centrales de camas. Ое todas formas, puede ser razonable una 


L ИШЕ ШШЕ desinfección centralizada de los colchones por separado еп el sóta- 


[5] Central de camas del hospital de S. Elisabeth, Halle Args.: U. + A. Weicken ПО, en su caso combinado con taller de reparación de camas. 
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pasillo 


(O) Almacén frigorífico 
de basura húmeda 

(2) Cuarto de limpieza 

(3) Residuos 

(4) Dirección de cocina 

(5) Frutas/ortalizas 

(6) Cámara frigorífica 
de consumo diario 

(O) Productos lácteos 

(8) Embutido/carne 

(9) Almacén de consumo 
diario 


Pasilto principal 


Cocina con patio de servicio, 
hospital de Luckenwalde 


(2) Edificio de cocinas, planta baja 


326 


Conexión 


principal 
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(9 Recepción 
@) Almacén de envases vacios | 
4d) Almacén de bebidas 

(3) Almacén productos secos 
(4) Almacén productos secos 
(5) Almacén de conservas 


Fregadero 


Grupos de cocina/reparto/ 
preparación 


Cámaras 
frigorífi 


Despensas 


Aras.: Thiede Messthaler Klósges * 


@ Сат. frig. día 

(2) Prov. día 

(4) Jefe de cocina 

(4) Cocina fria 

(5) Cocina principal 

(6) Preparación de platos 
G) Montacargas 

(8) Vestíbulo de entrada 
(9) Estacionamiento de carritos 
(0) Apiladoras para vajilla 
07 Fregadero ollas 


(8) Lavado 
(44) Devolución de vajilla 


Arqs.: U. + A. Weicken 


(42) Almacenamiento de apiladoras 
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Aprovisionamiento de alimentos 

La alimentación de los pacientes plantea exigencias elevadas en la 
preparación ya que suele presentar muchas diferencias según el pacien. 
te (clara de huevo, grasas, hidratos de carbono, vitaminas, sales mine. 
rales y especias). Los sistemas de abastecimiento de alimentos deben 
racionalizar las diferentes fases de la preparación convencional de ali- 
mentos (preparar, elaborar, transportar, repartir). La elaboración Se 
realiza por separado para las comidas normales y las de regímenes 
dietéticos. Los alimentos se trasladan de los recipientes de Cocción а 
los carritos, con los que se llevan a la cinta de hacer porciones. Las 
bandejas preparadas se transportan también en carritos a las Unidades 
correspondientes, donde, finalmente, se reparten a los pacientes, Con 
el mismo carrito se devuelven después los platos y cubiertos a la central 
de fregado. La alimentación del personal supone casi un 40 % del total. 
El comedor para el personal debe estar en estrecha relación con la 
cocina central. 

La cocina suele estar al mismo nivel que la planta de aprovisionamiento 
para garantizar la fluidez de los trabajos de suministro, almacenaje, 
preparación, elaboración y entrega. La altura libre de la cocina debería 
ser de 4 m. Su tamaño depende de las necesidades y del número de 
pacientes del hospital. 

Debe preverse una cocina de dietas (mín. 60 m3) con escritorio para el 
jefe de la cocina, un puesto para limpiar verduras (30 m3) con sitio para 
basuras (5 m?). Una sala de provisiones para el día (8 m3), una cámara 
frigorífica con cámaras para carne, pescado y productos lácteos (cada 
una de ellas de 8 m2), una cámara prefrigorífica (10 m2) con congelador 
y frigorífico. р 

La recepción de material debería estar conectada con la administración 
y tener suficiente espacio de almacenaje (15-20 m3). En el almacén 
principal se debe distinguir entre almacén para fruta y verdura (20 m3, 
almacén de productos secos (20 m2) y almacén de conservas. 

En el fregadero central, situado junto a la cocina central, se limpia y 
almacena el menaje empleado por personal y pacientes. Debido al alto 
grado de automatización, es necesario especificar y tener en cuenta 
desde las primeras fases de planeamiento los valores de conexión de 
los electrodomésticos. Por lo que respecta al lavaplatos, hay que prever 
un espacio de trabajo y almacenamiento suficiente (30 m2). Los nuevos 
métodos de cocina posibilitan un abastecimiento de comidas para varios 
hospitales desde un punto central. 


(Т) Cocina platos frios/ensaladas 
Q) Preparación de verdura 
G) Frigorífico verdura 

(4) Frigorífico carne 

(5) Productos lácteos 

(6) Cámara frigorífica 

(7) Despensa 

(8) Reparto 

(9%) Congelador 

00 Despensa 

4) Despensa conservas/ 
productos básicos 
Detergentes 

Oficina 


Ө Planta sótano — @ 


Aprovisionamiento 5 
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Almacén general 
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Cocina 
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4 Lavandería 
Lavado 
4 Central | 
E Sala | 
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С] Tratamiento [И Asistencia 
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(8) instalaciones 
(9) Contenedores de ropa 


leparto central 


Salas 
generales 
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0 Sup. almac. equipos 
transporte autom., sucio 


(56,2 m3 (2) Central control (27,1 m3) 
(4) Residuos voluminosos @ Equipos lavado conten. (®©) Oficina (24,3 m3) 
(5) Compactadora de papel гора, sup. almac. carros (4 Equipos de desinfección 
(6) Basura del edificio transporte automáti Residuos especiales 
(2 Instalaciones limpio (162,6 m3) Sistema dual de reciclaje 
L———- 286,985 ————— 


Patio de servicio 


Plataforma elevadora 5 x 2,4 
Carga 2.700 kg 


| | Rampa de recepción de suministros | 
Ё . М . А г 


Abastecimiento y gestión de residuos de la clínica de Erfurt, 
centro quirúrgico Arqs.: Rossmann + Partner Architekten 
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Aprovisionamiento de ropa 

Normalmente son empresas externas las que se encargan del abaste- 
cimiento y del desecho de artículos textiles. Dentro del hospital deben 
disponerse almacenes para la ropa sucia y limpia (cada una de 30 т2) 
en la zona del patio de servicio. ` 
Almacenamiento 

Se diferencian tres tipos de almacén: de palés, de estantes y especial. 
Todos los espacios deben situarse en un lugar central del patio de ser- 
vicio y de construcción muy resistente. Es necesario un despacho de 
coordinación logística desde donde se controla el servicio de transpor- 
te y aprovisionamiento del hospital; también desde ahí se coordina la 
distribución y el almacenamiento de los productos. Importante: por 
motivos de higiene, debe efectuarse una separación de productos limpios 
y sucios. Los sistemas de transporte automático solo son económica- 
mente razonables en grandes hospitales (a partir de 400 camas). 
Talleres 

Junto al patio de servicio pueden emplazarse talleres de cerrajería, 
carpintería, electricidad y una oficina de técnica médica con almacén de 
materiales, de repuestos, almacenes generales y para aparatos de trans- 
porte. 

Servicio de transporte y mantenimiento 

Generalmente para la distribución de material a los puntos de consumo 
se utilizan estantes móviles polivalentes y carros que, a su vez, sirven 
como dispositivos de almacenamiento. 

Para el envío de objetos pequeños (medicamentos, cartas/impresos) 
debe preverse un sistema neumático. El tamaño de las instalaciones de 
transporte depende del tamaño del hospital; la cantidad de material 
suministrado y recuperado por cama y día se considera de unos 30- 35 kg. 
El traslado de grandes objetos (camas, respiradores, máquinas de co- 
razón y pulmón) se realiza a través de montacamas. Para el transporte 
de material de volumen medio (comida, ropa, desechos, material fungi- 
ble) pueden utilizarse grupos de ascensores separados. 

Patio de servicio 

Además de las superficies de aparcamiento y maniobra de camiones, 
debe tenerse en cuenta la variedad de residuos (basuras de cocina y 
residuos especiales, vidrio, papel, líquidos de revelado, etc.), así como 
sus superficies de almacenamiento. Además, en el patio de servicio 
puede haber locales para grupos electrógenos de emergencia, central 
de sprinklers, central de oxígeno y aire comprimido, al igual que otras 
salas de suministros. Debido a su ubicación en el sótano, al patio de 
servicio solo puede accederse mediante una rampa (pendiente < 15 %). 
El tamaño mínimo de un patio de servicio es de 30 x 30 m. 


Restaurante del personal 
GE 00 030 a 
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Restaurante para el personal, hospital cantonal de Basilea; 
150 empleados Args.: SuteráSuter 


i 327 


Sanidad 


HOSPITALES 


Generalidades, 
modulación 

de medidas 
Proyecto 
Ejemplos 
Pasillos, puertas, 
escaleras, 


ascensores 
Áreas funcionales 
Ambulatorios 
Centros de 
atención primaria, 
ejemplos 
Exploración 

y tratamiento 
Enfermería 
Administración, 
servicios sociales 
Abastecimiento 
y gestión 

de residuos 
Aprovisionamien- 
to técnico 


Sanidad 


HOSPITALES 


Generalidades, 
modulación 
de medidas 

Proyecto 
Ejemplos 
sillos, puertas, 
escaleras, 
ascensores 

:аѕ funcionales 

Ambulatorios 
Centros de 
ación primaria, 
ejemplos 
Exploración y 
tratamiento 
Enfermería 

.dministración, 

vicios sociales 

bastecimiento 
y gestión 

de residuos 
Aprovisiona- 
iento técnico 


Calefacción, ventilación, instalaciones sanitarias, 

gases médicos 

Salas de instalaciones, patinejos y áreas de instalaciones 

Para el óptimo dimensionado y funcionamiento higiénico y energé- 
tico, es obligado considerar desde el primer momento las exigencias 
constructivas del edificio y los locales destinados al montaje de 
instalaciones técnicas. Básicamente, el tamaño y la distribución de 
las centrales de instalaciones deben elegirse de modo que cumplan 
las siguientes exigencias: 

a) Óptima conducción del aire. 

b) Dimensionado de los componentes según criterios energéticos. 
с) Cumplimiento de los requisitos higiénicos de las posibilidades 
de limpieza. 

d) Reserva de superficies de revisión y mantenimiento en las insta- 
laciones técnicas centrales. 


Exigencias constructivas 

Espacio necesario para las instalaciones de ventilación. 

La demanda de superficie y el espacio para el tamaño y número de 
aparatos de ventilación se determina según: 

a) Caudal de ventilación. 

b) Número de etapas de acondicionamiento termodinámico. 

с) Componentes constructivos. 

d) Situación de conexión con la red de conductos. 


La altura mínima libre de las centrales de instalaciones debe ser de 
3 m, y para un óptimo funcionamiento, de 4-4,5 m, según la cantidad 
de unidades funcionales. Desde el punto de vista técnico, el cálculo de 
superficie se determinará para cada caso según criterios específicos 
y con el asesoramiento de un especialista. Las indicaciones generales 


para la estimación del tamaño de los equipos de ventilación - 


se realizan con relación а! caudal de ventilación, con una velocidad 
de 2 m/s. La estimación de la longitud total construida resulta de 
la suma de las longitudes de los componentes necesarios, 
en consideración de las funciones termodinámicas, la impulsión y 
extracción del aire, y las superficies de revisión. 


Salas de maquinaria frigorífica 

En las salas de maquinaria frigorífica se colocan los equipos de 
refrigeración, vasos de dilatación, distribuciones y acumuladores 
de agua fría y helada, bombas centrales y dispositivos de regulación. 
El espacio necesario (incluido el correspondiente a revisiones) 
dependerá de la forma y del tipo de máquinas refrigeradoras y de 
sus potencias. La altura de los locales debe ser de superior a 3 m 
y dependerán probablemente de la potencia de refrigeración 
deseada. 


Condensadores 

La superficie y el espacio necesario para los condensadores se 
determinan por la potencia del grupo de refrigeración, el método 
de generación del frío, la forma de impulsión y extracción del aire, y 
la protección contra ruido. Para la elección de la altura del local 
y de las superficies en planta deben tenerse en cuenta la relación 
de los lados, el manejo, la revisión y mantenimiento, la carga 
superficial y el trazado de los conductos de entrada y salida. La 
colocación dependerá de aspectos especiales como las emisiones 
sonoras y la generación de vapores. El rendimiento del condensador 
está en función del tipo de frío producido y, por tanto, de su potencia. 


Equipamiento de centrales de instalaciones en general 

Es preferible situar las centrales de instalaciones directamente en 
el área de aprovisionamiento. El emplazamiento de la central debe 
asegurar condiciones eficientes de abastecimiento y eliminación, 
además de distancias cortas al suministro de medios. 
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Las centrales de instalaciones deben obedecer a las normativas 
locales correspondientes sobre edificación, las exigencias de las 
autoridades competentes para la licencia del edificio У, según sea 
el caso, a la Ordenanza de seguridad e higiene en el trabajo. £ 
funcionamiento de las instalaciones técnicas en las centrales no 
debe causar perjuicios al medio ambiente ni al edificio Рог propa- 
gación de ruido o vibraciones, ni alterar las condiciones higiénicas, 


Construcción técnica, exigencias térmicas 

Por razones técnicas (peligro de congelación), la temperatura am. 
biente en centrales de instalaciones no debe bajar de los 5 °С ni 
sobrepasar los 40 °C (equipamiento electrotécnico). Esto debe 
garantizarse mediante medidas técnicas apropiadas. Debe evitarse 
una alta humedad interior y en el aire. Las centrales técnicas con- 
tarán con una toma de agua con empalme para mangueras y dis- 
positivo para impedir el retorno y, como mínimo, un sumidero. Las 
fichas de datos de seguridad con sus respectivos dispositivos de 
trabajo y de funcionamiento estarán disponibles para poderlas 
consultar en caso de avería. Las centrales técnicas deben tener 
como mínimo un enchufe (230 V, 16 A) y una conexión de corrien- 
te trifásica (400 V), dependiendo del proyecto individual. La ilumi- 
nación de las centrales debe ser de 100 lux, en zonas de mandos 
de control, dispositivos de reglaje y medición, de 200 lux. 


Exigencias para patinejos y trazados 

Los patinejos sirven para montar las instalaciones en vertical, los 
trazados para el montaje en horizontal. Según la normativa local, los 
patinejos y trazados horizontales en edificios —excepto en edificios 
de baja altura y patinejos y trazados horizontales que atraviesen 
sectores de incendio— deben construirse de modo que пі el fuego 
пі el humo puedan propagarse por la caja de escaleras a otras 
plantas o sectores de incendios. Para ello, los patinejos y los con- 
ductos horizontales deben cumplir las exigencias respectivas de 
resistencia contra el fuego RF30, RF60 о RF90. Se debe aspirar a 
conseguir un sistema de entradas a las unidades funcionales en 
forma de peine. La suma del trazado de conductos, canales y ca- 
bleado con relación a la profundidad de la planta debe mantenerse 
constante. La distribución de patinejos y canales horizontales ga- 
rantizarán su función como arriostramiento de la estructura del edi- 
ficio; solo se admiten patinejos y canales principales. Los que sean 
transitables tendrán acceso desde la superficie de circulaciones. 
Falsos techos ү 

El espacio que existe entre el forjado y el falso techo no debe uti- 
lizarse para la impulsión directa de aire ni para la extracción de aire, 
dependiendo de la distribución de extractores. La distancia entre 
la cara inferior del forjado y la cara superior del falso techo depen- 
derá de la cantidad de instalaciones (conductos de aire y agua, 
trazado eléctrico, elementos de iluminación, unidades de acondi- 
cionamiento de aire, rejillas de aire, conductos para sprinklers) у 
debería medir 40 cm como mínimo. En casos excepcionales es 
posible una separación menor. 


Central de gases 

La alimentación de las conducciones de oxígeno se realiza a partir 
de bombonas de acero instaladas en baterías de servicio y reserva, 
con un dispositivo automático de conexión. Para que los recorridos 
de transporte sean cortos, es conveniente un acceso directo al 
patio de servicio (suministro y devolución de bombonas). Estas 
pueden colocarse junto con las de los demás gases (vacío, nitró- 
geno, aire comprimido), para conseguir un puesto de mando central 
(generalmente controlado por sistema informático). En ta actualidad, 
estas bombonas se sustituyen por los llamados “gasificadores fríos”, 
que deben almacenarse al aire libre, mín. 5 m del edificio. 


Ingeniería eléctrica/instalaciones de baja tensión 
El abastecimiento eléctrico general se realiza desde la red pública 
eléctrica de tensión media (10-20 kW) de la empresa suministrado- 
ra de electricidad. En la central eléctrica del hospital se realiza la 
acometida eléctrica, la transformación de tensión a un nivel de baja 
tensión (400 V), así como la distribución al resto del hospital. Cada 
uno de los cuadros generales de distribución y los transformadores 
deben disponer de su propio local, que cumplirá las directrices de 
[а ordenanza para la construcción de locales para instalaciones 
© eléctricas, así сото la DIN VDE. En grandes hospitales, además de 
la central eléctrica son necesarias otras subestaciones. El dimen- 
sionado del loca! depende del tamaño del edificio y de la demanda 
energética de los usuarios. Para la disposición de la central ener- 
gética en el edificio debe elegirse un punto central. Además son 
necesarias una buena accesibilidad (a ras de suelo si es posible) y 
una ventilación suficiente (impulsión y extracción de aire). Para 
evitar posibles inundaciones, no debería colocarse en las plantas 
“subterráneas. Los hospitales deben disponer de una red de sumi- 
istro alternativo, que en caso de corte general de electricidad 
. pueda abastecer a determinados usuarios. Para ello se utilizan 
rupos electrógenos de emergencia con motores diesel. Estos 
equipos contarán con una sala propia y huecos para impulsión y 
extracción de aire, con la expulsión de gases de escape por el techo. 
Para el abastecimiento de las luminarias de quirófanos y de ciertos 
puntos de consumo de importancia vital se debe tener instalado un 
grupo electrógeno adicional: equipos satélite de baterías en el 

entorno inmediato del receptor en locales individuales. 

De la sala de electricidad parte la distribución de corriente general 
7 у alternativa dentro del hospital, a través de circuitos separados y 
en forma de estrella. Según sea la estructura del edificio o la dis- 
tancia, los distintos niveles se abastecerán desde cuadros de dis- 
| tribución conectados directamente a la central o a través de las 


- principales salas de distribución eléctrica del edificio. La posición - 


y el número de subcircuitos en cada planta se adaptarán a los 
sectores de incendios, teniendo en cuenta además la distribución 
de cada área funcional. Las distribuciones se separan según co- 
rrespondan al suministro general y alternativo, y estarán colocadas 
en locales propios. 


Central de telecomunicaciones/informática 

La garantía de las comunicaciones dentro de un hospital, ya sea 
de voz o de traspaso de datos, es fundamental para la asistencia 
del paciente, y además es la base que asegura el éxito económico. 
Debe preverse una sala central de comunicaciones y al menos una 
sala de informática de 35 a 70 m2, para la ubicación de los respec- 
tivos componentes del sistema, así como sistemas de alimentación 
ininterrumpida de electricidad y un concepto de refrigeración re- 
dundante. 

Para optimizar la disponibilidad, debería disponerse otra sala de 
informática para sistemas de copias de seguridad en otro edificio 
и otro sector, diseñada como sala de informática de seguridad. 
Partiendo de las salas de telecomunicaciones y de informática se 
realiza el trazado en forma de estrella del cableado de telecomuni- 
caciones y transmisión de datos hasta los cuadros de distribución 
de cada planta; desde ahí se acometen las conexiones. 

La “topología de cableado estructurado” dota de una imagen de 
enchufado homogéneo a todos los sistemas de comunicaciones, 
de informática y de instalaciones médicas, de modo que es posible 
reaccionar de manera flexible y rápida a todos los procesos de 
desarrollo en las comunicaciones. 

Las comunicaciones por voz se efectúan en el área administrativa, 
рог aparatos análogos y digitales conectados directamente con 
una central de telecomunicaciones. 
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Central de telecomunicaciones/informática 

Junto a los potentes servidores de comunicación, los teléfonos 
móviles inalámbricos de instalaciones DECT sustituyen a los clásicos 
buscapersonas y, por ello, conforman la segunda vía de 
comunicaciones. Cada habitación está equipada con un sistema 
interno de comunicación entre el paciente y la enfermería, una 
conexión de antena para TV de pared y/o televisores individuales 
por cada cama y conexión telefónica e Internet. 

La señal de televisión se suministra por cable (empresas de televi- 
. sión por cable) o mediante un sistema de televisión vía satélite que 
llega a una antena central. Las llamadas a enfermería serán rediri- 
gidas por el sistema de comunicación luminoso entre el paciente y 
la enfermería hasta el lugar donde se encuentra el personal de 
asistencia. La prioridad de las llamadas 

~ llamada de pacientes 

- llamada de aseos 

- llamada de emergencia 

- llamada de reanimación, etc., 

será asistida de la misma forma que el reenvío de llamadas en 
espera, además del envío de información detallada a los sistemas 
telefónicos móviles del personal de enfermería. Una instalación 
automática de detección y alarma de incendios, con detectores 
automáticos y manuales, tecnología de ahorro de cableado tipo 
loop, así como un sistema “electroacústico” con una red indepen- 
diente de cables resistentes al fuego son elementos fundamentales 
para la detección de incendios y alarma. Los recorridos para sumi- 
nistros y accesos para vehículos se aseguran mediante barreras. 
El control de acceso lo practica de forma manual el personal de por- 
tería, o automáticamente mediante la lectura de tarjetas de identi- 
ficación. 

La vigilancia visual del área de acceso, accesos de vehículos y áreas 
especiales se realizará en parte por cámaras rotatorias conectadas 
a una central de vigilancia con paneles de todas ellas. 

En los pequeños centros, las unidades de control para los compo- 
nentes técnicos de comunicaciones 

- centralita de teléfonos 

- control de cámaras 

- ordenador de control para los sistemas de información médicos 
- ordenador de control para el sistema medial de pacientes 

- vigilancia de ascensores, etc., 

se colocarán en la portería o en el área de acceso. 

En los grandes hospitales se instalarán- en una guardia central 
donde se concentran todas las alarmas relevantes para así poder 
resolverlas de forma centralizada. Las exigencias de los procesos 
y preparación de todos los datos relevantes de pacientes y de la 
clínica se realiza mediante el uso de programas complejos. Junto 
al conjunto de servidores, todos los componentes activos de red 
en la sala central de informática y en las salas de informática de 
cada planta conforman la base para el funcionamiento de todas las 
aplicaciones para los usuarios. 

Los lugares de trabajo con ordenadores fijos en las áreas de 
exploración y tratamiento, al igual que equipos móviles de registro 
de datos en las unidades, se integran en la red y sirven de apoyo 
para el personal de enfermería. La seguridad de la red de datos 
contra el acceso de terceros se soluciona mediante la instalación 
de programas firewall que requieren una constante actualización. 
La integración de voz y datos, así como la consolidación de alma- 
cenamiento (Red de área de almacenamiento SAN) de todos los 
sistemas informáticos e informático médicos son una importante 
parte de la tecnología de información de un hospital. 

La gran cantidad de modalidades y tratamiento de imágenes que 
genera el área de radiología plantea grandes exigencias para la 
calidad y capacidad de la red de datos. 

! La cooperación con especialistas en el tema es indispensable. 


329 


Sanidad 


HOSPITALES 


Generalidades, 
modulación 

de medidas 
Proyecto 
Ejemplos 
Pasillos, puertas, 
escaleras, 
ascensores 
Areas funcionales 
Ambulatorios 
Centros de 
atención primaria, 
ejemplos 
Exploración 

y tratamiento 
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Abastecimiento 
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miento técnico 


ESTADIOS 
ORGANIZACIÓN 


Información: Instituto Federal Alemán para el Deporte, Bonn 


Los estadios de la Antigüedad, cuya grandiosidad no se ha llegado a Зирегаг 
(Circo Máximo de Roma: 180.000 espectadores), nos sirven aún en la actualidad 
como modelos ejemplares para nuestras instalaciones deportivas. Como 
medida básica para un campo de juego se parte de la superficie de un Campo 
de fútbol (70 х 109 т), más la pista de carreras que lo rodea — pág. 335, La 
forma básica de la superficie de juego se aproxima bastante a la elíptica 
utilizada en la Antigúedad. Los movimientos de tierra para la construcción de 
un estadio consisten, en general, en rebajar el terreno que ocupa la superficie 
total a edificar para, después, disponer las tierras obtenidas en forma de 
terraplenes alrededor del núcleo. Urbanísticamente, un estadio debe estar an 
armonía con el paisaje circundante y disponer de amplias vías de acceso, 
buena comunicación con los medios de transporte público (paradas de metro, 
autobús, tranvía), zonas de estacionamiento de gran superficie, etc. Se evitarán 
emplazamientos en zonas industriales o en la proximidad de fábricas aisladas 
que puedan producir contaminación ambiental (humos, olores, ruidos, etc.). 
Las instalaciones para la práctica de deporte se consideran equipamientos 
públicos y, por consiguiente, deben integrarse dentro de los espacios verdes 
del plan urbanístico de la ciudad. El eje de los primeros estadios se orientaba, 
según la época en la que transcurrían las competiciones, en dirección Е-О о 
N-S > Ө; en Europa se suele disponer el eje en dirección noreste suroeste, 
para que el sol quede a la espalda del mayor número de espectadores. De 
ahí que las entradas principales queden situadas en la fachada este. Una 
separación adecuada entre las taquillas y los accesos al edificio evita las 
grandes aglomeraciones y facilita el flujo de espectadores hacia los diversos 
accesos que permiten, a través de escaleras y pasillos, ganar la media altura 
de la tribuna, desde donde se distribuyen hasta las filas superiores e inferiores 
y fondos semicirculares = Ф. Ya Vitruvio recomendaba una pendiente de las gradas, con o sin 
: asientos, de relación 1:2 — óptima desde el punto de vista acústico y visual—. 
Actualmente, con la instalación de altavoces, la pendiente de las gradas 
depende tan solo de la visibilidad. La trayectoria visual de los espectadores 
de una fila no debe quedar interferida por los que ocupan la fila inmediata 
inferior, según estas condiciones, el perfil de las gradas es una curva parabólica, 
La mejor visibilidad corresponde al segmento central de los lados mayores. 
La anchura de accesos y escaleras se calcula para el flujo de salida de 
espectadores, que, al contrario de lo que ocurre a la entrada, se produce 
simultáneamente. Según C. van Eesteren, cada 5.000 espectadores precisan 
7 min para desalojar el estadio de Ámsterdam — 6) por las escaleras existentes 
de 9,5 m de anchura (en Los Ángeles 12 min, en Turín 9 min). Por consiguiente, 
1 espectador utiliza 1 m de anchura de escalera en: 
95x420 _ 
5000 708S 
4] Róterdam: rectángulo curvilíneo. (5) Budapest: herradura con eje o bien en 1 s por cada metro de anchura de escalera pasan: 
Solo para fútbol de simetría transversal 5.000 
9,5 x 420 
La fórmula que sirve para calcular la anchura de escalera en relación con el 
tiempo de desalojo deseado y un determinado número de espectadores es: 
п° de espectadores 


Zona de estacionamiento 


(1) Sistema en forma de U 


(8) 


Estados Unidos: doble segmento 13) Ámsterdam: laterales rectos 
circular 


= 1,25 espectadores 
NE 


bir ii tiempo de desalojo en s x 1,25 я 
Los aseos deben estar bien comunicados con las tribunas. Un estadio para 
20.000 espectadores precisa varias salas para prestar primeros auxilios. Sala 
ESTADIOS de reposo y asistencia de 15 m?, botiquín de 2 m? y 2 aseos con sifón. Para 
estadios con 30.000 o más espectadores se debe prever un espacio de 15 
оспа m? рага los cuerpos de seguridad (policía, bomberos). Las cabinas para los 


comentaristas se sitúan en la tribuna principal y con buena visibilidad al 
сатро de juego. Se calculan 1,5 т? por cabina. Detrás de cada 5 cabinas 
para comentaristas se debe prever una sala de conexiones de 4 m?. Plazas 
de estacionamiento para turismos, 1 cada 4 espectadores, y plazas de es- 
tacionamiento para autobuses privados. 


HF 80+ 80 + 80— 


Helsinki 


2112 +72 +72 
“ ч 
ч 
Arezzo 


Secciones de diferentes tipos 
de gradas 


Río de Janeiro Florencia 


(7) Esquemas de circulación de algunos campos de competición Í 
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Punto de referencia 


Gradas de hormigón armado 
con pendientes y desagúe 


(4) Gradas en forma de L 


Localidades de asiento 


+— 78 —— E= IB 


304 464 


SI 47 ER 
1 


Т 
45 


Losa inclinada de hormigón 
armado y gradas con asientos 
de hormigón ligero 


Asientos sobre estribos de acero 
empotrados en el hormigón 


O 


[240 +240 4 


AA 
Para una altura de peldaño > 50 cm 
se deben contemplar protecciones 
contra caídas de mín. 90 cm 


La instalación de protecciones 
puede soslayarse con respaldos 
de más de 65 cm de altura 


va: 
o 
= 


т 
о 
N 
SN 
© 


к— 6,8 == 10,14 ——+ 48 +— 4,6 +— 8,2 —+H 5,9 —= 
 í(á o 2 


40,4 


© Sección del estadio olímpico de Berlín 


Arq.: Prof. Werner March Ф 


ESTADIOS 
GRADERÍAS 


Los proyectos deben cumplir el Reglamento General de Policía de espec- 
táculos públicos y actividades recreativas y demás normas aplicables, que 
pueden variar de una región a otra. En las normas se fijan los requisitos 
que deben cumplir los pasillos de circulación, escaleras, rampas y zonas de 
espectadores. E 

En estadios con una capacidad inferior a 10.000 espectadores, las tribunas 
de espectadores suelen construirse en los lados laterales (mejores condicio- 
nes de visibilidad, puesto que las distancias entre campo de juego y espec- 
tador son relativamente reducidas); en estadios mayores se distribuyen alre- 
dedor de todo el campo de juego. 

Puesto que las competiciones se celebran en la mayoría de los casos por las 
tardes, las localidades más apreciadas son las que están situadas en el lado 


“oeste (por no producirse deslumbramiento). 


Para mejorar las condiciones de visibilidad debe existir suficiente desnivel 
entre filas consecutivas. En los estadios pequeños, con un máximo de 20 fi- 
las sin asientos o de 10 filas con asientos, la pendiente de las graderías 
puede ser lineal, con una relación de 1:2. En los dernás estadios se sustituye 
la pendiente lineal por una curva parabólica. La construcción gráfica de las 
trayectorias visuales permite determinar la pendiente más adecuada para 
las localidades con asiento o sin asiento. Desnivel entre filas consecutivas: 
mín. 12 cm para las localidades sin asiento y 15 cm para las localidades con 
asiento > @. 


Localidades con asiento 
Por cada plaza sentada se calculan las siguientes dimensiones: 


Anchura de una plaza de asiento 0,5 т 
Profundidad de una plaza de asiento 0,8 m 
Estas dimensiones se subdividen en: 

Superficie de asiento 0,35 m 
Superficie de circulación 0,45 m 


Para las localidades de asiento puede optarse entre asientos corridos (ban- 
cos) y asientos individuales. Las plazas de asiento con respaldo son más 
cómodas. En función de la situación de los accesos, se permite colocar el 
siguiente número máximo de asientos entre dos pasillos consecutivos: 

En filas de pendiente poco pronunciada 48 asientos 
En filas de pendiente pronunciada 36 asientos 
Las localidades con y sin asiento deben detimitarse con elementos de se- 
paración. Cada 750 plazas se debe prever como mínimo 1 m de pasillo de 
emergencia (escalera, rampa o superficie plana). 


Localidades de pie 

Por cada plaza de pie se calculan las siguientes dimensiones: 
Anchura de una localidad de pie 

Profundidad de una localidad de pie 0,4 т 
Cada 750 plazas, mín. 1 m como pasillo de emergencia (escalera, rampa, 
superficie plana). Para evitar aglomeraciones peligrosas en іаѕ llegadas у 
salidas, las localidades de pie se deben subdividir en grupos o bloques con 
una capacidad para unos 2.500 espectadores con accesos separados y 
claramente separados entre sí. 

Los bloques de localidades de pie estarán provistos de los llamados “rom- 
peolas”. Desde cada localidad debe haber máx. 10 filas, hasta un antepecho 
seguro de 1,1 т de айига aprox. El empuje diagonal se debe contrarrestar 
colocando los “rompeolas” de forma alterna (desplazada). 

Las gradas se pueden construir con piezas prefabricadas de hormigón. 
Invitados de honor. En los grandes estadios suele ubicarse un palco de honor 
cubierto, con sillas o sillones independientes. 

Marquesinas de tribuna. Debe intentarse cubrir el máximo número posible de 
localidades, que puede aumentarse superponiendo varias tribunas. En el 
estadio olímpico de Berlín y en el de Viena se han sustituido las antiguas 
marquesinas por otras nuevas > © - Ф 


Sección del estadio olímpico de Berlín 
tras la remodelación 


Arqs.: Gerkan Marg y Partner 
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17) Tiro de pelota 


114) Canasta de baloncesto > @ + @ 
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| Competición | ИШЕ ЖЭШ 
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Única canasta exterior — canasta () 
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INSTALACIONES DEPORTIVAS 
CAMPOS DE JUEGO 


Deporte de competición Deporte de aficionados Red. Portería Sala 


Modalidad Distancias | Superfi- | Medidas | Distancias |Superfi- | Altura | A = ancho | Altura libra 
0,45 1-1,5 deportiva campo libres de libres de cie tota! pabellón 
» 3 de playa obstáculos А 
-0,7 
а Alo | Аю 
o Beachminton largo |апсһо! 
т. т т т т т 


Vóleibol 


25 х15 189.> 55 
пас. > 7 
int >125 


Fútbol - - 
(profesional) к БЕ 7,3200) 


Futboltenis 1 2 |22х11 |1,3 m m 

de playa 

Futboleivol 18x9 2 [16x10 ЭЙ 

Balonmano 27 x 12 3 1,5 1,5 }30х15 = |A=3 5 

H=2 

Bádminton 13,4x 6,1) 2 13,4 х 6,1 1,55 - reg. >7 
nac.>7 
int. >9 

Beachminton 12,3 х 3,8 * гед. > 5,2 
nac. > 6,5 
int. >9 

Baloncesto 12 - - - | 15x8 1 -|15x10 | ~ | distancia m 

distancia entre 
entre canastas 
canastas 12 

Tenis 18x9 3 И гед. > 7% 

(cancha пас. > 9 

individual) 18x6 3 int.> 9 

TAMbeach 24x 11 1 28x 13 Pi Е 

(cancha hasta 

individual) 24x7,5 1 28 х 9,5 2,15 


9 La categoría regional puede llegar a 5,5 т 


(7) Dimensiones de las canchas deportivas para deportes de playa 
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16) Balonmano de playa (competición (7) Fútbol de playa 
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5 INSTALACIONES DEPORTIVAS 
ATLETISMO 


EFE 
1 


THTT 
AKELE] 
MO 
\\\\\\\ 


TED 
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1 Campo de deporte 

2 Pista de carreras 

3 Saito de altura 

4 Salto con pértiga 

8 Salto de longitud y triple 
salto 

6 Lanzamiento de peso 

1 7 Lanzamiento de disco 

18 A —— 45-1 Е y martilo 
= 9+1 Lt 9 4—2 8 Lanzamiento de jabalina 
100 9 Foso de agua 


176,91 
(1) Pista de competición tipo A Información: Federación Alemana 


de Atletismo, Darmstadt 


3 
E 10 


Pista de competición tipo A 

Se compone de una pista perimetral de 
8 calles alrededor del campo de depor- 
te interior; lanzamiento de peso, disco 
y martillo, instalaciones de salto de al- 
tura y lanzamiento de jabalina situadas 
en la zona sur; lanzamiento de peso, 
disco y martillo, lanzamiento de jabalina 
y foso con agua para carreras de obs- 
táculos en la zona norte; instalación de 
salto con pértiga con 2 pistas de impul- 
sión enfrentadas, paralelas a la recta 
este y en el exterior de la pista de carre- 
ras; foso de salto de longitud y triple 
salto, con dos pistas de impulsión en- 
frentadas, situadas en paralelo a la rec- 


ta oeste y en el exterior de la pista de роо 
carreras. с\й 
Pista de competición tipo В 


Se compone de una pista perimetral de 

6 calles, campo de deporte interior; ins- МТААСІОМЕХ 
talaciones de lanzamiento de peso dis- | 

соу martillo, salto de altura y lanzamien- Campos 

to de jabalina situadas en la zona su; 984899 
instalaciones de salto con pértiga, lan- Tenis 

zamiento de jabalina, disco y martillo, Minigolf 

salto de longitud y triple salto con tres onpas a9 golt 
pistas de impulsión, así como foso con acuáticos, 


agua para carreras de obstáculos, enla puertos 


zona norte. Las instalaciones de salto Биз ын 
con pértiga, de longitud y triple salto расйіѕзто 
pueden disponerse también en la zona са à 

i altos de esquí 
exterior a la pista perimetral de carreras. Pistas de hielo 


Pista de competición tipo С Pistas de 

Se compone de una pista perimetral de репе edas 

4 calles, campo de deporte interior, Patinaje de 
instalaciones de lanzamiento de disco, velocidad sobre 
martillo, de salto de altura y lanzamien- БАША, en línea 
to de jabalina, en la zona sur; instala- Ciclocross 
ciones de salto con pértiga, lanzamien- Instalaciones 
to de disco y martillo, salto de longitud 98 tiro 

y triple salto, Con 3 pistas de impulsión 

| e instalación de lanzamiento de peso 

13) Pista de competición tipo С en la zona norte. 
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77,6 


70 
68 


L+ 


на 


(3) Pista de lanzamiento 
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1 Campo de deporte 
2 Pista de carreras 

3 Salto de altura 

4 Salto de pértiga 


zL- r=- MA 
534,92 p n | 


- 


* para competición 
para entrenamiento 


5 Salto de longitud 

6 Lanzamiento de peso 

7 Lanz. de disco y martillo 

8 Lanzamiento de jabalina 
(tiro de pelota) 


= 9 т, distancia de !а tabla de batida 1 т 
= 8 т, distancia de la tabla de batida 2 т —> pág. 326 


INSTALACIONES DE. 
PORTIVAs 


ATLETISMO 


La pista de competición tipo D está pro- 
vista de — @ 

4 a 6 calles para carreras de velocidad, 
lisas o con vallas, en pistas rectas. 

1 campo de deporte de 68 x 105 m (70 х 
109 m con zonas de seguridad). 

1 instalación entrenamiento de lanzamien. 
to de peso, dirección de lanzamiento sur, 
1 instalación para salto de longitud y triple 
salto, dirección de impulsión oeste, 

1 instalación de salto de altura, con direc. 
ción de impulsión hacia el norte. 

1 círculo de lanzamiento de peso, dirección 
de lanzamiento hacia el norte. 

1 instalación de lanzamiento de pelota, 
dirección lanzamiento hacia el norte, 

1 campo de deporte reducido de 27 х 45 т 
(zonas de seguridad incluidas). En general, 
el acabado de la pista de carreras del tipo 
D consiste en una capa de tierra roja, pero 
si se utiliza con frecuencia es más reco- 
mendable emplear un pavimento sintético, 
Campo de deporte de gran superficie y 
utilización flexible e instalaciones de айе- 
tismo fuera y dentro del campo. Se com- 
pone de: — E) 

1 campo de deporte de 68 x 105 m (70 x 
109 m con zonas de seguridad). 

1 instalación de salto de altura, impulsión 
hacia norte, por encima campo de juego. 
1 instalación de entrenamiento para el lan- 
zamiento de peso, dirección de lanzamien- 
to hacia el este. 

1 círculo para lanzamiento de peso, dirección 
lanzamiento hacia el oeste. 

Para el entrenamiento de las disciplinas de 
lanzamiento se recomienda, por seguridad, 
ип campo propio. Se compone de una de 
césped para la caída de tamaño aprox. al 
de un campo de deporte de gran superficie, 
con una zona de impulsión y de lanzamien- 
to para jabalina, disco y martillo situada en 
el lado estrecho sur del campo — 6). 


Campo de deporte de superficie 
reducida y utilización flexible 


INSTALACIONES DEPORTIVAS 
ATLETISMO 


Información: Instituto Federal Alemán para el Deporte, Bonn 
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* Sección А-В del foso 


impulsión 
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Sección por la tabla de batida 


© Instalación para salto de longitud 
y triple salto 


LA 


120° 60° 
Sección А-В 


Salto de longitud 
Triple salto 

Salto de pártiga 
Salto de altura 


300 Colchoneta de salto Tipo de pista de carreras Longitud 
Base reticular de madera (m) Pista de Tramo de | Anchura 
300 Zona salida | carrera llegada de cada calle") 


Sección А-В por la base reticular 
y la colchoneta de salto 


ө Instalación para salto de altura 


| Pisa recta para carras eones |3 [rior [ir ао 
[snom ЕИ [т e __ 


7 Para la pista perimetral de carreras se necesita una franja de seguridad de 28 cm, 
aunque su acabado ha de ser diferente al de la pista de carrera 

2 La longitud de 110 m de los 110 т vallas. Por lo demás, la longitud para las carreras cortas ез 
de 100 т 

Э No se necasita una zona de salida adicional 
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de juego 
Distancia Atietismo 

de Tenis 

llegada Minigolf 
Campos de golf 
Deportes 
acuáticos, 
puertos 
deportivos 
Remo y 
piragúismo 
Hípica 

Saltos de esquí 
Pistas de hielo 
Pistas de 
patinaje 

sobre ruedas 
Patinaje de 
velocidad sobre 
patines en línea 
Skateboard 
Ciclocross 


Colchoneta y soporte de la barra 
para el salto con pértiga — Ө 


Foso (G) 
о соісћо- 


Longitud 


Э La tabla de batida se sitúa сото тип. a 1 m del foso, puesto que la distancia entre la línea de batida 
y el límite del foso debe ser > de 10 т. Para instalaciones de айа competición la longitud del foso 
es de 9 т. 

3 Para instalaciones polivalentes la anchura de cada pista de impulsión es de 2 т. 

Э Distancia entre foso y tabla de batida 11 m (para categoría juvenil: 9 m; alta competición: 13 m} 


Observaciones: se permite una tolerancia + 3 mm en ta altura estándar 


O Dimensiones de las instalaciones para saltos — © - Ө 114) Pista para carreras de vallas > Ө 


Instalaciones 
de tiro 
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Pistas de 
patinaje 
bre ruedas 
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idad sobre 
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'kateboard 
Ciclocross 
talaciones 
de tiro 


Batiente giratorio 


2,744 
Planta de una instalación 
para lanzamiento de martillo 


Vista lateral de una instalación 
combinada para lanzamiento 
de martillo — Ө 

\ 


1797 
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Al 
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Instalación para lanzamiento 
de disco. @ del disco: > 219 mm 
< 221 mm, categoría masculina 


Planta de una instalación para 
lanzamiento de disco 


Sector de 
lanzamiento 


Delimitación 


Círculo lanz. 
D= 2,135 


Traviesa/lanzamiento de peso 
Sección A-B 


(5) Círculo de lanzamiento de peso 
= 


Delimitación de la zona de carrera 


Delimitación de 
la zona de caida 
[| 


к————> 300 5 355 e — 1} 
(7) instalación de lanzamiento de jabalina Ш 


без е дан го. сызы эшш ыд 
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= — lo Poste meta 80/20 {] 


10,3 
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bios 1 
Dirección de carrera 
(3) Dimensiones de las pistas de carreras (pista de competición tipo 8} 
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INSTALACIONES DEPORTIVAS 
ATLETISMO 


‚ Información: Instituto Federal Alemán para el Deporte, Bonn 


Las dimensiones indicadas en la tabla —> Ө son las que fijan las normas 
de competición y, por lo tanto, no se pueden alterar. En tas instalaciones de 
deporte destinadas a colegios, entrenamiento y ocio se permiten ligeras 
variaciones. Las instalaciones para el lanzamiento de martillo equivalen a 
las que se utilizan en el lanzamiento de disco —» O — O teniendo en 
cuenta que el diámetro del círculo de lanzamiento de martillo es de 2,135 m. 
La jaula de protección — (Y) — Ө solamente se utiliza en competiciones, 
mientras que en los demás casos resulta suficiente el montaje de la jaula 
de protección prevista para el lanzamiento del disco —> Өө. 

Las instalaciones para el lanzamiento de jabalina se componen de dos 
sectores, la zona de carrera y la zona de caída. 

Como térinino medio, la anchura de la zona de carrera es de 4 m y su longi- 
tud de 36,5 m. La longitud mínima permitida es de 30 m. Las zonas de сате- 
ra y de caída se delimitan con un arco de circunferencia, que corresponde a 
la línea de lanzamiento (arco de lanzamiento). 

Las instalaciones para el lanzamiento de peso se componen del círculo de 
pista y del sector de lanzamiento > Ө — Ө. La longitud de este tipo de ins- 
talación es normalmente de 20 m y de 25 m para alta competición. 


Ejemplo І: campo de deportes, ámbito de influencia 
de unos 5.000 habitantes 


1 pista de competición tipo D 10.554 тг 
2 campos de deporte de superficie reducida, 27 x 45 m 2.430 m2 
1 campo de deporte de entrenamiento 4.500 тг 
2 campos de juego para actividades de ocio 250 m? 
1 zona con césped para juegos y gimnasia 1.000 m2 
1 campo para ejercicios de mantenimiento 1,400 m2 


Superficie útil total 
Ejemplo Il: aprox. 7.000 habitantes 


aprox. 20.000 m2 


1 pista de competición tipo D 10.554 тг 
1 сатро de deporte de gran superficie, 70 х 109 т 7.630 m? 
2 campos de juego de superficie reducida, 27 х 45 т 2.430 тг 
Superficie libre para actividades de ocio 3.000 тг 
1 zona con césped para juegos y gimnasia 1.000 тг 
1 campo para ejercicios de mantenimiento 2.300 тг 
1 pista de patinaje 800 m? 


Superficie útil total 
Ejemplo Ш: aprox. 7.000 habitantes 


aprox. 28.000 m2 


1 pista de competición tipo B 14.000 m? 
1 campo de deporte de gran superficie, 70 x 109 m 7.630 тг 
3 campos de juego de superficie reducida, 27 x 45 m 3.645 т? 
1 zona con césped para juegos y gimnasia 1.000 тг 
1 campo para ejercicios de mantenimiento 1.400 m? 
Superficie útil total aprox. 28.000 m? 
Ejemplo IV: aprox. 15.000 habitantes 

1 pista de competición tipo В 14,000 m? 
3 campos de gran superficie, 70 x 109 m 22.890 m2 
7 campos de superficie reducida, 27 х 45 т 8.505 m? 
Superficie libre para actividades de ocio 6.000 тё 
1 pista de mantenimiento 3.300 т? 
1 campo de mantenimiento 1.400 m? 
1 zona de mantenimiento/recreo infantil 1.000 тё 
2 zonas con césped para juegos y gimnasia 2.000 m2 
Superficie útil total aprox. 60.000 m? 
Ejemplo V: aprox. 20.000 habitantes 

1 pista de competición tipo B 14,000 m? 
1 campo de gran superficie de utilización flexible 8.400 m? 
4 campos de juego de gran superficie, 70 x 109 m 30.520 m? 
10 campos de juego de superficie reducida, 27 x 45 m 12.150 т? 
Superficie libre para actividades de ocio 6.000 m2 
1 pista de mantenimiento 3.300 m? 
1 campo de mantenimiento 1.400 mê 
1 zona de mantenimiento/recreo infantil 1.000 m? 
2 campos con césped para juegos y gimnasia 2.000 тё 
Superficie útil total aprox. 80.000 m? 


Zona de caída 
Longitud 


m 

Círculo de lanzamiento 
d = 2,501) 

Círculo de lanzamiento 
d=2,135 

Longitud de la zona 


Lanzamiento de disco 


Lanzamiento de martillo 


Lanzamiento de jabalina 


aprox. 29° 


Círculo de lanzamiento 
d = 2,135 40° 


Y Fijando un segundo perfil circular se puede utilizar para el lanzamiento de martillo 
22 30m e 


Dimensiones de tas instalaciones de lanzamiento. 7 
Los ejemplos | a V deben considerarse como ayudas orientativas para organizar 
la superficie útil (4m?Mabitante) en diferentes ámbitos de influencia 


Lanzamiento de peso 


к———18,27 ———l _———3654-—————+ 
13,851—10,97 —+3,654 9,85/—-10,97 —3,6543,65— 10,97 ——+3,654 
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і і 


— Т 
И ИШИНЕ Е l 


Pendignte del 0,5 % 8,23 ———————+1497 08, 


0,914 1,37 10,97 
12,793 
Ө аага 
Ф 
Altura red 80-90 cm © 


45H — 56 ——+154 


25 —————————— 10-12 ———————24—= 
__— ып AAA AAA, 


(3) Pista de tenis infantil 


Diferentes formas para muros de tenis 


` Altura de la cerca de malla metálica .... 


INSTALACIONES DEPORTIVAS 


TENIS 

Información: Federación Alemana de Tenis, Hamburgo 

. 10,97 x 23,77 m 

~. 8,23 х 23,77 т 
Espacio lateral ...................... oros 2 3,65 M 
Espacio lateral en tomeos.. Р: 
Espacio de fondo ............. 
Espacio de fondo en torneos 
Entre dos рїзїаз.................... 


Altura de la red en el centro 
Altura de la red en los postes .. 


De malla de alambre de 2,5 mm de grueso y retícula de 4 cm. 

Cálculo del número de pistas necesarias: el número de jugadores de tenis 
oscila entre un 1,6 y un 3 % de la población total (alemana). La relación 
(pistas de tenis/jugadores) en instalaciones nuevas es de 1:30. Fórmula 
empírica: 


п° de habitantes x 3 


ii 100 x 30 
Superficie necesaria para zonas de recreo infantil, por cada pista de tenis se 
requieren 20 m? como valor directriz — €). 
Zonas de aparcamiento: para una utilización normal de las instalaciones (sin 
espectadores) se deben prever 4 plazas de estacionamiento para turismos 
por pista de tenis. 


Superficie del solar: la superficie neta (superficie útil destinada a las instala- 
ciones) corresponde a la suma de las superficies que ocupan la pista de 
tenis, media pista con muro de entrenamiento y la superficie necesaria para 
zonas de recreo infantil. Рог іо general, se ha comprobado que añadiendo 
entre el 60 % y el 80 % a la superficie neta, se obtiene la superficie total del 
solar. Es preferible que el eje longitudinal de las pistas de tenis siga la direc- 
ción N-S. 

Se permiten variaciones (oeste mejor que este). No es aconsejable que se 
agrupen más de dos pistas lateralmente (con ejes longitudinales paralelos). 
Cuando las pistas se disponen de manera que quedan situadas una detrás 
de la otra, solo necesitan un elemento de separación visual. Para la iluminación 
artificial se utilizan los laterales, la altura de los focos es de unos 10 m. 
Cuando se diseña la distribución deben considerarse también las posibles 
ampliaciones en el futuro. El proyecto debe estructurarse de manera que 
pueda realizarse por fases, sin que esto suponga un entorpecimiento en la 
utilización de las instalaciones. Es importante planificar desde un principio 
la posible construcción de futuras viviendas (para el vigilante de las pistas, 
entrenador, arrendatario), así como garajes. Desde el punto de vista urba- 
nístico, las instalaciones de tenis deben integrarse perfectamente en el 
paisaje circundante. j 


= 
1,5 
3 
ro 
Alzado — Ө Alzado — @ 
Dimensiones recomendadas para muros 
de tenis + zona de juego ante el muro 
4 3 8. 
2 
од" 0,515 
10.97 A A 
Há 12 —— 
16) Media pista con muro (7) Media pista con muro 
de entrenamiento (para dobles) de entrenamiento (individuales) 
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INSTALACIONES DEPORTIVAS 


Altura por encima red: | й 
Por encima de la línea 7192, 11 >. к : TENIS 
de fondo: 4,4 5,1 5,8 


9 La altura de las naves para pistas cubiertas de tenis se han establecido en 
convenios internacionales. Según las normas de la Copa Davis se exige 
7 una altura de 10,67 m. Se recomienda una altura de 9-11 m, aunque por lo 
general es suficiente con 9 т — Ф. Los palacios de deporte con una alty- 
ra de 7 m también permiten la práctica del tenis. La altura de la nave se 
mide desde el suelo, junto a la red, hasta el canto inferior de la percha o dej 


 ha3 elemento portante de la cubierta, situado a menor altura, debe mantenerse 
Limite constante en toda la anchura de la pista (10,97 т). En el límite exterior de 
del espacio А рик м тт 
de fondo los espacios laterales y de fondo la altura mínima será de 3 m. Visión ge- 


neral de secciones longitudinales y transversales de diferentes tipos de 
AA 64 AA AA 2 11,893 -———— naves con cubierta a la mansarda. 
Tipos de naves: nave desmontable (construcción efímera), nave fija, nave 
Altura de las naves т A 3 E 
transformable. Dimensiones interiores de la nave: 18,3 х 36,6 т > Ө. Como 
h=7 las dimensiones del campo de juego, de los espacios laterales y de fondo 


DD =7 
«| AA = AA 3А están fijadas según los convenios internacionales, resulta: 
о ES 


nave de tenis para 2 pistas = NI2_ = (2 х 18,3) x (1 х 36,6) = 36,6 х 38,6 
h=9 DD =9 (+ D) i 


nave de tenis para 3 pistas = ANTS. 
(1 + D) 
resulta análogamente una superficie de nave de 54,9 x 36,6 m. Estas son 
DD =11 dimensiones ideales referentes a las posibilidades de aprovechamiento de 


la superficie destinada a la práctica del tenis. En caso de que se pretenda 
construir una nave para pistas de tenis de tipo económico, queda como 
alternativa la cubrición parcial de las instalaciones, lo que implica, sin em- 


bargo, una utilización más limitada. Las posibilidades de utilización son las 


+ 6,4 + 29,77 -——+ 6,4 4 siguientes: 
(2) Secciones longitudinales y transversales de diferentes tipos de naves — Y) 1) en las dos pistas, tomeos de partidos individuales 
ED.ODE 2) en una pista, tomeos de partidos dobles 
3) en las dos pistas, partidos de entrenamiento de individuales, o bien 
© Ы AE 1 individual y 1 doble (para instalación de ocio). 
ш F Pe Dimensiones mínimas para una nave: =—12H2__ = 32,4 х 36,6 т 


ТЕ. + 1 Оо. 


Р м Tabla de medidas y alternativas de utilización de las naves: 
A A Tipo de nave Pistas ў 
ва i T 
1 
2 200 


8 B 5 Dimens. mín, 
3 Dimens. mín. 
с с 2а 
2а Dimens. mín, 
E Оо DDE = а para tomeos 
13) Planta esquemática — Ө (4) Dimensiones y formas de naves 


AAA AP 
(18,3) (18,3) 


“ЛИЕ. 


(6) Nave fija para una o más pistas 


Sección transversal > Ө Sección transversal > @ 
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275,27, 5 405 1565 5 


Marca de segunda salida 
6,25 


El obstáculo y la construcción 
también pueden ser simétricos 


Línea límite 
Ө Saltos (con ángulos de bloqueo) 


40 30 20 
E н 


Pista зіп línea límite 


Solo se puede jugar desde 
la marca del golpe de salida 


Planta ~ Ө 


p424 La merca de la linea límite debe coincidir con la Iinea de reposo 
que define el extremo de Іа.ріалсћа de la báscula sobre la pista 


Báscula con estribos 


INSTALACIONES DEPORTIVAS 
MINIGOLF 


Información: Federación Alemana de Minigolf, Halstenbeck 


Las instalaciones para practicar minigolf se componen de 18 pistas 
delimitadas (excepto las pistas previstas para golpes largos), deben 
estar numeradas y cumplir las normas correspondientes. 
Una pista acondicionada para torneos debe disponer de los siguientes 
elementos: 

el campo de juego, 

los límites de las pistas (normalmente laterales macizos), 

las marcas para los golpes de salida, 

uno o varios obstáculos (optativos), 

línea límite (optativa), 

marca de segunda salida (optativa), 

la meta. 
Existen además otros elementos y/o marcas que se utilizan según el 
tipo de pista. 
La anchura mínima de las pistas es de 80 cm y la longitud mínima de 
5,5 m. Las pistas de superficie horizontal deben comprobarse con un 
nivel de agua de 90 cm de longitud. Si no dispone de bordillos delimita- 
dores, deberá limitarse con otro tipo de marcas (excepto las pistas de 
golpes largos). Hay que tener en cuenta la importancia de la correcta 
colocación de los bordillos y el material para los mismos, puesto que 
sirven como elementos auxiliares para el juego. Cada pista debe dispo- 
ner de una marca para el golpe de salida, según las normas de la insta- 
tación o de un determinado sistema de pistas. Los obstáculos serán 
fáciles de montar y de formas simples. El montaje de los obstáculos 
sobre las pistas será fijo y se dispondrán según los diseños normalizados. 
La posición de los obstáculos móviles debe estar claramente señalizada. 


ЕЕ 
(10) Ondulación tubular 20 


B 
П 
40, 167 1930, 030 
+ E ANTE. 


Pista recta con posición alternada de obstáculos 


л AN UC 


Linea límite 
(13) Troncos de cono 


(14) Doble cuña (pista sin límite) 


[15] Pasos irregulares 
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a 


+404 
116) Círculo central. Pista sin línea límite 


H404 
Volcán. Pista sin línea límite. 


ИЙ eama 


Solo practicable desde la marca del golpe de salida 


Pista con rampa y obstáculo en V. Sin línea límite. 
Solo practicable desde іа marca del golpe de salida 


(21) Pista recta sin obstáculos 


140 —4 


тЇ 


ES ч 


(20) Rayo 


H— 140—4 


(22) Pista con círculo inclinado y sin obstáculos. Pista sin línea límite. 
Solo practicable desde la marca del golpe de salida 


F404 
03) Platea circular. Pista зіп línea límite. 


Solo practicable desde la marca del golpe de salida 


— 126 казыйдын... = 


gea límite 


Ventanilla 5,5 x 10 


(24) Cuña de subida con ventanilla central de paso 
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INSTALACIONES DEPORTIVAS 
MINIGOLF 


Los obstáculos de las diferentes pistas de una misma instalación tienen 
que ser distintos, no solo en cuanto a forma, sino también en la técni- 
ca de juego que se necesita emplear para superarlo. Las pistas y sus 
correspondientes obstáculos deben ofrecer un juego variado. 

La línea límite marca el final de los primeros obstáculos. Dicha marca 
se utiliza también en las pistas que no disponen de obstáculos e indi- 
ca hasta qué punto debe llegar la pelota desde el golpe de salida para 
poder continuar el juego de la pista. 

En caso de que el primer obstáculo ocupase toda la anchura de ja 
pista, la línea límite coincidirá con el final de éste. 

Las pistas practicables solo desde el golpe de salida no disponen de 
línea límite. 

Las líneas límite deben disponerse de manera que la marca de la línea 
para el golpe de salida coincida con el final del obstáculo. Marcas de 
segunda salida: deben estar marcados los puntos o zonas a las que 
se permite trasladar la pelota. La marca indica hacia dónde está per- 
mitido dirigir la pelota. 


` La meta de cualquier pista se debe poder alcanzar con tan solo una 


jugada desde la marca del golpe de salida. Si la meta es un hoyo, éste 
no sobrepasará el diámetro de 120 mm. 

Para los hoyos de los sistemas Minigolf, Cobigolf y Sterngolf, se con- 
sidera como límite un diámetro de 100 mm. 

Todas las pistas deben tener las marcas necesarias para permitir un 
изо correcto de las instalaciones. Para el juego se utilizan pelotas y 
palos de golf o similares. 

La superficie del palo para golpear la pelota no debe pasar de 40 стг. 
Se admite cualquier pelota de minigolf о de golf homologada (еп cuan- 
to a forma, tamaño y material), siempre que su diámetro sea > 37 mm 
y s 43 mm. 


` Las pelotas de madera, metal, cristal, fibra de vidrio, marfil o material 


similar, así como las balas de billar, no están homologadas como pe- 
lotas de minigolf. 

Las dimensiones normalizadas para las pistas de minigolf son las si- 
guientes: longitud de una pista: 6,25 m, anchura de una pista: 
0,9 m, diámetro del círculo de meta: 1,4 т —> pág. 341 ©. 


Minigolf: 

Desarrollado por el suizo Bogni a principios de la década de 1950. 
Sistema que se compone de 17 pistas de hormigón (12 m de longitud) 
y una pista de golpe largo (de unos 25 m de longitud). Las pistas de 
hormigón se enmarcan con tubos de acero. Los obstáculos son de pie- 
dra natural, 3 


Cobigolf: 

Uno de los sistemas de pistas de mayor dificultad, que se caracteriza 
por un elemento propio, los llamados “portales”, colocados ante los 
obstáculos. La instalación se compone de t8 pistas. Para este sistema 
existen pistas de tamaño grande (de 12 a 14 m de longitud) y de tamaño 
pequeño (de 6 a 7 m de longitud). 


Sterngolf: 

Una instalación de Stemgolf se compone de 18 pistas de hormigón. 
17 de estas disponen de una zona de meta semicircutar, mientras que 
la zona de meta de la última pista es de forma estrellada. De ahí el nom- 
bre del sistema. Las pistas tienen una longitud de 8 m, una anchura de 
1 m y el diámetro del círculo de meta es de 2 m. 

Las pistas se limitan con tubos. La marca del golpe de salida consiste 
en un círculo de 30 cm de diámetro. El diámetro del hoyo de meta es de 
10 cm. 

Los obstáculos de todos los sistemas de minigolf están normalizados, 
escogidos y construidos desde el punto de vista de la técnica de juego- 
Por este motivo, el diseño de las pistas ofrece la posibilidad de llegar a 
la meta con tan solo un golpe, objetivo al que debe aspirar el jugador. 
Es posible superar todas las pistas con solo una jugada (18 puntos). 


y ———900————4 200—4 
‚ Ф Espacio necesario рага jugar al golf 


Palo de golf D 


Sistemas constructivos 
de campos de golf 


4] Diferentes perfiles de un green 


«api Antegreen Green 


асы 


Plataforma de salida de la zona de prácticas 
Edificio de salida 

Pitchingreen 

Aparcamiento 


оош» 


(7) Equipamiento básico de una instalación de prácticas + © 


| 


Diseño de búnkers: la profundidad 
y la forma dependen de la distan- 
cia al green. A menor distancia, 
mayor debe ser la pendiente de 

la zona frontal (face) del búnker 


INSTALACIONES DEPORTIVAS 
CAMPOS DE GOLF 


Información: Federación Alemana de Golf, Wiesbaden. Instituto 
Federal Alemán para el Deporte, Bonn 


Los campos de prácticas — Ө sirven tanto para entrenarse como 
para empezar a tomar contacto con este tipo de deporte. Un cen- 
tro de golf como oferta deportiva independiente puede instalarse, 
por ejemplo, en un terreno de no más de 10 ha. Este tipo de insta- 
lación debería disponer de un campo de golf con 9 hoyos (par 3) y 
además una plataforma de salida, una calle y un green como hoyo 
de prácticas -> ©. Se distingue entre hoyos con las siguientes 
longitudes y el correspondiente par: 

Las longitudes estándar para campos de golf oscilan entre el es- 
tándar 60, con una longitud normalizada de 3.749 m y el estándar 
74, con una longitud normalizada de 6.492 m. 

Elementos de un campo de golf: 

al comienzo del hoyo se encuentra la plataforma de salida, cuya 
superficie es variable, aunque debería tener unos 200 m? y ser 
suficientemente ancha. Las calles tienen una anchura de 30-50 m 
y una longitud de 100 m a más de 500 m. Al final de la pista se 
encuentra el green con una superficie mínima de 400 m?, aunque 
generalmente ocupa 500-600 m?. Las zonas de antegreen no son 
habituales en todas partes. Su anchura mínima es de 2,5 m. Las 
calles deben tener como límites laterales zonas o franjas de vege- 
tación agreste con setos de diferentes alturas repartidos de forma 
natural por todo el campo. Los llamados búnkers son los obstácu- 
los artificiales más utilizados; sin embargo, presentan la desventa- 
ja de que no se integran en el paisaje natural y muestran una imagen 
ajena a él. 


Longitud de los hoyos 


hasta 201 m 
202 -382 m 
desde 383 m 


para hombres 


hasta 228 m 
229-434 m 
desde 435 m 
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1-9 hoyos 
A Plataforma de salida de la zona de prácticas 
В Edificio de salida 
С  Pitchingreen 
Aparcamiento 
© Ampliación de un campo de prácticas 
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Campos 

de juego 

Atletismo 

Tenis 

Minigolf 

лроз de golf 
De 


acuáticos, 
puertos 
deportivos 
Remo y 
piragúismo 
Hípica 

itos de esquí 
istas de hielo 
Pistas de 
patinaje 
sobre ruedas 
Patinaje de 
ocidad sobre 
tines en línea 
Skateboard 
Ciclocross 
instalaciones 
de tiro 


1 Golpe salida hombres 

2 Golpe salida mujeres Bosque 
Vegetación 
semiagreste 


(2) Ejemplo de campo de golf de 18 hoyos 


Almacén de aparatos 
Taller 
Depósito de materiales 
Salas de instalaciones 
Personal 
Almacén carros de golf 


Salas de lavado Sata de caddies 
duchas 


(3) Programa funcional para el local del club de goif 


O Taller con plataforma elevadora O Almacén de materiales 

de trabajo o foso (O Superficie de patio pavimentada 
O Oficina O) Gasolinera 
(9 Sala de estar @ Lavado con separador de aceite 
O Aseos * @ Almacén para máquinas pequeñas 
(O) Vestuarios @ Repuestos y herramientas 
© Nave de maquinaria (8) Almacén de abono y semillas 


(4) Ejemplo de funcionamiento de un edificio de mantenimiento 


\ ` 
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o 3 Green con 
Vegetación 4 Búnker vegetal 
agreste 5 Búnker de arena 


1-18 hoyos 


INSTALACIONES 
DEPORTIVAS 


CAMPOS DE GOLF 


Por lo general, los campos de goif 
no constituyen una instalación de- 
portiva normalizada y estandarizada, 
En la actualidad, prácticamente solo 
es posibie escoger emplazamientos 


‚ en zonas rurales o forestales. Los 


proyectos de campos de golf deben 
estar bajo el control y la dirección de 
un experto en el tema, es decir, que 
posea conocimientos de proyectos 
rurales, normas de juego, ecología 
rural, topografía, tecnología agróno- 
ma y agronomía general. Antes de 
iniciar el proyecto se deben analizar 
sus posibilidades: que el número de 
'habitantes de la zona circundante a 
una distancia de unos 30 min, el 
trayecto en automóvil sea una cifra 
adecuada para un campo de golf de 
nueve hoyos (aprox. 100.000 habi- 
tantes), que se pueda conseguir un 
número aceptable de socios (unos 
300), etc. Un elemento importante 
de los campos de golf son las insta- 
laciones para práctica. Se diferencian 
entre plataforma de salida, green de 
entrenamiento y green de aproxima- 
ción > pág. 343 Ө. 

La superficie de la plataforma de 
salida debe ser lo más plana posible 
y disponer de una anchura mínima 
de 80 m, para que puedan realizarse 
prácticas en grupos de unos 15 ju- 
gadores y estos puedan efectuar el 
golpe de salida en el mismo instante. 
Esta plataforma debe tener una lon- 
gitud de 200 m, mejor 225 m, y estar 
dispuesta de manera que no irrumpa 
en el juego de otras pistas cercanas. 
Su emplazamiento ideal es junto al 
edificio del club. La zona de green 
debe tener una superficie mínima de 
300 m? y estar diseñada como una 
entidad propia. Los obstáculos de 
arena para golpes de ensayo deben 
tener una superficie mínima de 
200 т? y varios desniveles. La su- 
perficie para el proyecto de un cam- 
po de golf debe corresponder al te- 
rreno necesario para la instalación 
de 18 hoyos (siendo el 18 el hoyo 
final), aunque el número de hoyos 
previstos en un principio sea inferior 
a 18. Esto significa que la superficie 
del campo deberá situarse en unas 
55-60 ha. Para que en un campo de 
golf de 18 hoyos se puedan realizar 
cómodamente recorridos de nueve 
hoyos, el esquema de organización 
de los mismos deberá cumplir con 
las siguientes condiciones: que la 
plataforma de salida de la pista 1, el 
green del hoyo 9, la plataforma de 
salida del hoyo 10 y el green del hoyo 
18 estén lo más cerca posible del 
edificio del club > Ө. 


INSTALACIONES DEPORTIVAS 
DEPORTES ACUÁTICOS, PUERTOS DEPORTIVOS 
información: Deutsche Marina Consult. DMC Hannover 


Embarcaciones de regatas y tipos: 
Las competiciones deportivas solo pueden realizarse cuando todos 


wL los participantes emplean los mismos aparatos. Por ello, las embar- 


6,7m 


Altura de mástil 


,15-0,3m 


Orza 9 caciones para regatas de vela están normalizadas. Las categorías 
рь: “| nacionales son reconocidas en las federaciones de vela de un país, 
т=п E A las internacionales por la federación mundial, con sede en Londres. 


Ф Velero Sección Esta determina las modalidades olímpicas. Una vez concluidos los 
juegos, la federación mundial vuelve a fijar nuevas modalidades. 
La profundidad exigida en los puertos y aguas navegables depende 
del tipo de embarcación. Por lo general, basta con una profundidad 
de 1.250 mm para veleros y barcos con orza levadiza, y entre 4.000 y 
5.000 тт para barcos con quilla. Las aguas de nivel constante son 
muy adecuadas para construir puertos y muy seguras para los barcos. 


| | 


Calado ¡Superficie | Distintivo de clase 
en la vela mayor 


R——— 4,9-95т + —1,7--2,1 m—— 


[2 Embarcación соп quilla (abierta) Sección 


4,5/1,51 Dos líneas azules 


onduladas superp. 
E 8,05/1,8 | 1,1 15 (S) Letras negras FD - 
E 8,9/1,7 1 26 Estrella roja de 5 puntas 
E 8,69/2 1,13 22,93 (з) Letra negra Т 
E 8,9/1,9 1,2 221) Letra negra D 
E 8,15/1,9 | 1,3 24,3 (в) Letra negra N 
(Omega) 
Orza E 6,25/3,05| 0,8 |2256) | Letra negra T subrayada 
1,55 соп dos líneas paralelas 
а E 470° 2) Е 4,7/1,58 10,86 (з) | Número negro 470 
dl p Yates 5,50 m K 9,5/1,95 28,8 Número negro 5,5 
Ө Саїатагап (abierto) Sección 


5/1,82 Hacha roja 
Optimist (1) 
infantiles y juveniles E 2,3/1,13 | 0,77 + |3,33 Letra negra О 
Cadete (2) E 3,32/1,27 | 0,74+ |5,1 (8) Letra negra G 
E 41,42 0,95 8,5 Letras azules O y К 
E 5/1,68 1,06+ |10 Anillo rojo 
E 4,211,5 0.95 + |10 (5) Número negro 420 


{oblicuo} 


Quilla de lastre Velero de recreo 15 mê- 
* И Е А bien velero Н K 8,2/1,7 - 15 (8) Letr: H 
ө Crucero con quilla у orza levadiza Sección ue 15m? da K Es Е 15 n та зед Р 
Crucero 20 т2 K 7,75/2,15 | - 20 (s) Letra negra A 
a » Clases olímpicas 


(3) Tipos de veleros (extracto) 


їй 


Deportes 
E Ocio 


a 
Те 
- + 

9 INSTALACIONES 
к 28m 1 DEPORTIVAS 


HA 5,110,258 M —————4 к— 2-3,1 т ———+ 


(5 Crucero con quilla Sección © Lancha motora Sección de lancha motora acacia Juego 
Tenis 
Minigotf 
Campos de golf 
Deportes 
E acuáticos, 
© рчепоз 
9 deportivos 
-2,5 m- Ә  piragúismo 
e—a 589 ocu 9 ——s Hípica 
Saltos de esquí 
ө Crucero соп doble quilla Sección (10) Lancha clásica Sección de lancha clásica о © аа 
sobre ruedas 
Patinaje de 
velocidad sobre 
patines en línea 


Skateboard 
Ciclocross 
Е Instalaciones 
x de tiro 


c 4-6 m ———y == 25m —— c элт m E 4-6 mA 


0,2-0,3 m 


аў 


177 Lancha neumática Sección de lancha neumática Ф Үаќе а тоїог Sección de yate а motor 
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tas de hielo 
de patinaje 
abre ruedas 
Patinaje de 
cidad sobre 
nes en línea 
Skateboard 
Ciclocross 


istalaciones 
de tiro 


Mar abierto 
42 


2 ga 


——— 9 ———4 


Altura Н Anchura В 
т т 
4 
7,5 


олом 


Cañaveral con al menos 2 nudos 
de vegetación 


11) Sección transversal de un dique 


Nivel del таг Orilla 
Nivel del mar 


Orilla 


ds 


Tejido de 
mimbre/grava 
gruesa/fieitro 


Estacas de robie 


о bongossi 


(3) Estacas de madera 


Sección de un muelle flotante 
Estabilidad en los bordes P mín. 
2,5 kN 


Cajón sumergible de piezas 
prefabricadas de hormigón 
armado relleno de arena 


RSS 
EY 


Muelle flotante de hormigón, 
también utilizado como rompeolas 


Muelle fijo con tablestacas 
de madera o de hormigón 


Muro de sirga 


Ц 
т 
ni 
{1 
4 


гетата. = Cimentación corrida en función 


de la resistencia a cargas del terreno 


© Sección transversal de la rampa de un varadero 
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INSTALACIONES DEPORTIVAS 


DEPORTES ACUÁTICOS, PUERTOS DEPORTIVOS 
Construcción marítima 
En la construcción de puertos deportivos son importantes las es- 
tructuras de protección contra oleaje, estelas y el mar de fondo. 
Los muelles se construyen con tablestacas o piezas de escollera 
=> 0-0. Los cajones hundidos de hormigón solo pueden tenerse 
en cuenta en aguas poco profundas -> Ө. También son posibles 
los muelles flotantes construidos con pontones de hormigón — @, 
que deben ser transitables para poder otear. 
Los tablestacados aseguran una contención firme de la orilla con ej 
empleo de muy poca superficie. Estos muros se componen funda- 
mentalmente de perfiles de acero laminado unidos mediante pasa- 
dores, pero también pueden estar construidos con madera o plásti- 
co. Los tablestacados son prácticamente impermeables al agua y 
permiten salvar grandes luces gracias al gran momento de resisten- 
cia de las pesadas tablestacas. Las embarcaciones deportivas que 
amarren junto a un tablestacado deben protegerse con cojines fren- 
te a posibles lesiones mecánicas. Además, la visión de estos muros 
oxidados en los puertos deportivos no resulta adecuada — Ө. 
Los postes o delfines de amarre se componen de tubos de ace- 
ro, en algunos casos rellenos con hormigón, o de madera. La lon- 
gitud mínima es tres veces la profundidad con relación al lecho 
marino. En los postes de amarre se amarrarán botes, al igual que 
instalaciones de muelles. 
En agua de mar, los postes de amarre de madera tienen una vida 
útil media de unos 15 años, y los de acero de unos 35 años. Dado 
que la vida útil varía notoriamente según el emplazamiento, debe 
tenerse información previa sobre el lugar. 
Los diques consolidan las orillas y se construyen de vertidos de 
piedra, hormigón o con vegetación. El ángulo del talud depende 
de la altura, el fondo y la ejecución del dique > O) +6). 


Varadero y grúas 

Para las grúas estacionarias en el área técnica o grúa móvil se re- 
quiere un suelo firme y la superficie suficiente de circulación para 
el acceso desde el interior (automóviles con remolque y/o camión 
de carga según tamaño de bote y grúa). Es necesario consolidar 
las orillas con tablestacados verticales para botar las embarcacio- 
nes al agua. 

El travelift (pórtico automóvil) hace de grúa móvil para el transpor- 
te de botes en el puerto deportivo — pág. 347 Ө. 

Los varaderos son rampas para botar los botes al agua. Las em- 
barcaciones pequeñas y ligeras pueden botarse manualmente con 
un carro, mientras que las de mayor tamaño requieren un remalque 
y la ayuda de un vehículo > Ө + Ф. 


_ Los materiales de construcción y los detalles constructivos están 


sometidos a mayores solicitaciones bajo el agua, por lo que deben 
elegirse materiales estables, duraderos y de larga vida útil. La co- 
rrosión en el agua es elevada, en especial el agua salada. Deben 
tenerse en cuenta la estanquidad del edificio al viento y a las sal- 
picaduras de agua, y prever aislamiento de protección térmica en 
invierno y verano. 


Borde perimetral 
Espacio de giro 


Muro de sirga Aniltas 


Cambio de amarre 


Tablestacado 


O Planta > Y) 


H——Longitud embarcación ——/ 


х 1,5-1,8 


Amarres para embarcaciones 
entre muelle y estacas 


ШЦ 


600 


F 2.000 y 


Amarre de embarcaciones en Y 
entre muelle y pantalán 


Detención 
> contra 

al viento 

3-5 esloras 


Dirección 
del viento 


Espacio de maniobras 
para detenerse con las velas 


Bomba de aguas 


fecales 


Columna de abastecimiento 


Extracción de aguas fecales, de la 
sentina y sucias; abastecimiento 
de agua y electricidad; conexión 
televisión por cable e internet 


Espacio de maniobra entre dos embarcaderos 


ЕІ 
Е 


15010-2 2- b -150 


4.000 
500 H-——— 5.000 +1500 


Amarres en diagonal para 
embarcaciones entre muelle 
y estacas 


Travelift para el transporte en 
tierra y para botar rápidamente 
las embarcaciones 


INSTALACIONES DEPORTIVAS 
DEPORTES ACUÁTICOS, PUERTOS DEPORTIVOS 


Planificación de amarres 

Los amarres deben orientarse siempre en dirección longitudinal al 
viento; su tamaño depende del tipo de embarcación. Tipos de 
amarre de las embarcaciones, de proa o de popa: Las embarca- 
ciones sin motor (puertos de regata) requieren espacio suficiente 
para maniobrar y detenerlas. Las embarcaciones a vela se paran 
disminuyendo su velocidad contra del viento y, según el velero, esa 
distancia es de unas 2-5 esloras — Ө. 

Detrás de la entrada se necesita un radio de giro que permita el 
viraje de la embarcación más grande posible. El radio de giro ne- 
cesario para asegurar el acceso y para maniobras en caso de tor- 
menta es de unos 35-60 m de diámetro > Ө. 


Embarcaderos 

La elección del sistema de los embarcaderos depende de las car- 
gas, golpes de embarcación y tiro de amarras. 

Los embarcaderos fijos sobre pilotes corren riesgos en caso de 
crecidas o inundaciones — pág. 346 Ө. 

Los embarcaderos flotantes modernos fijados en postes de amarre 
o anclados permiten un amarre seguro y controlado con niveles de 
agua cambiantes -> pág. 346 @. 

El fondeo permanente (muerto) es usual en aguas del sur => Ө. 
La profundidad de las aguas en los amarres debe ser como mínimo 
1,8 veces el máximo calado. El equipamiento de los amarres inclu- 
ye las conexiones соп la red eléctrica, agua y desague. El equipo 
para el amarre, como bolardos, cornamusas o aros, debe tener una 
dimensión adecuada. Las superficies y revestimientos del muelle 
deben ser antideslizantes, y las barandas deben estar a un lado o 
por la mitad del muelle. Es necesaria la iluminación del muelle y de 
los puestos de amarre. 

Se dispondrán contenedores de basura en cantidad y tamaño su- 
ficiente (con separación de residuos). 


Dimensiones de los amarres 

Las dimensiones de los amarres dependen de las de los botes del 
puerto deportivo por lo que debe contar con amarres de diferentes 
dimensiones (incluso para grandes yates de más de 20 m de eslora), 
distribuidos según el tamaño. El estacionamiento en los puestos 
tiene que ser seguro, al igual que las maniobras para acceder a ellos. 


Puerto seco 

En caso de existir poca superficie de agua a disposición, las em- 
barcaciones pueden guardarse en tierra y ser transportadas al agua 
mediante un pórtico automóvil o travelift en máx. 30 min. El puerto 
seco está equipado con muelles y puestos de amarre en tierra, de 
modo que también es posible la utilización de las embarcaciones 
en tierra (conexiones de electricidad, agua y desagúe). La proporción 
entre tierra y agua de un puerto seco es de aprox. 80:20. 

Los costes de inversión alcanzan solo aprox. un 40 % de un puer- 
to deportivo convencional equiparable. 


Dimensiones Distan. Ancho 


ЕЈ 
— 


Tipo de 
T TTET embarcación necesarias dela de segu- paso 
plaza de amarre ridad necesario 
L уь m m m 
T 


$ 


Long. (L) Anch. (B) (5) (Е) 


Finn-Dinghy 4,5 3 3 5 

є Flying Dutchman 6 3 1 6,5 

Star 7 3,5 15 7,5 

Tempest 6,7 4 2 8 

-B+84 Drachen 9 4 2 9,5 
n Soling 8,5 4 2 9,5 

Tornado 6,5 6 2 7 

470er 5,5 3,5 1,5 ` 5 


ЛЕТ" 

E 

== 

E 4 

FAR 
В ГЕР e 


S = distancia de seguridad a respetar delante y detrás 
de las plazas de amarre 


de veleros 
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на ` Costa/mar abierto 


1.000 
900 


800 
700 


Lagos muy grandes 
1.000 ha aprox. 


300 
200 


4—— Lagos grandes 350 ha aprox. 


4———- Embalses grandes 80 ha aprox. 


100 
50 «—— Embalses pequeños 12 ha aprox. 
Tablas lanchas yat y yates 
de surf de surf grandes pequeños medianos grandes 
Longitud: s37m s42m s653m <8m 12-15m >12m 
Profundidad: 0,8 m im <135m 51,35 т 51,8 т > 21 т 


© Relación entre el tamaño de la superficie de agua y el tamaño 
de las embarcaciones 


A 


Distribución radial 


4 3 uerto 
paralelo 


а la costa 


(2) Ordenación de atraques 


Distribución circular 


13) Muelle cerrado a un lado 


o.” =. 


--— 


Puerto en isla y en una 
desembocadura fluvial 


(5) Muelles agrupados 


Accesos al puerto 
y canales 


12,572,505 
333 


Puntos 
de amarre 


Zona de agua 


Servicios 
= 60% 


Planta esquemática de una nave 
de almacenaje de embarcaciones. 
Puerta única corredera de dos 
hojas i 


Infraestructura de un puerto 
deportivo 
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© Planta de estacionamiento en tierra 
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INSTALACIONES DEPORTIVAS 
DEPORTES ACUÁTICOS, PUERTOS DEPORTIVOS 


El proyecto para un puerto deportivo requiere un estudio previo de 
viabilidad y los correspondientes permisos de tierra y marítimos. Los 
puertos deportivos siempre tienen un fin turístico recreativo. La ten- 
dencia es a la especialización en: puertos técnicos, para aconteci- 
mientos, de amarre, urbanos, minis, secos, etc.-> pág. 349. 
Planificación del lugar 

La protección de las embarcaciones debe estar asegurada y garan- 
tizarse tanto el acceso desde tierra como desde mar. Su emplaza- 
miento debe estar, en lo posible, en ciudades o cerca de atracciones 
recreativas, urbanas o turísticas, nunca en lugares apartados. 
Tamaño y capacidad de los puertos deportivos 

Disponibilidad de una superficie de agua mínima que dependerá del 
tipo de embarcación deportiva. Evitar conflictos deportivos y ecoló- 
gicos, así como un tráfico excesivo en la superficie de agua. Por 
término medio solo deben navegar al mismo tiempo un 33 % de los 
botes amarrados. Considerar el coeficiente de simultaneidad (relación 
entre el número de embarcaciones con licencia y el promedio de 
embarcaciones que navegan), la superficie de maniobra de cada tipo _ 
de embarcación y una separación suficiente de unas respecto a otras. 


Organización de zonas 

Zona de puestos de amarre: bomba de aguas fecales, salvavidas, 
columnas de abastecimiento con electricidad y agua, retiro de residuos 
(segura, atractiva y funcional) —> pág. 347. Zona técnica: varadero 
para embarcaciones, grúa, taller, servicio de motores, área de repa- 
raciones (tener en cuenta inmisiones y emisiones). Zona gastronómi- 
ca: terraza orientada hacia el agua. Zona de servicios: capitanía, 
duchas, aseos, información (fácil de encontrar). Aparcamientos: se- 
guros у de tránsito fácil para vehículos particulares y de carga —> O. 
Tipos de muelle 

Puerto rectangular — Ө: fundamentalmente empleado en puertos 
deportivos de capacidad mediana (100-400 puntos de amarre), mue- 
йе principal paralelo a la costa. El muelle está cerrado en un lado. La 
orientación con respecto a los vientos dominantes y a las olas debe 
ser apropiada. 

Muelle abierto paralelo al litoral > Ө: no transitable, ofrece una 
protección relativa, pues el puerto se encuentra abierto en dos de 
sus lados. Solo es apropiado para márgenes donde no se precisen 
grandes medidas de protección ni se produzcan sedimentaciones. 
Utilizable en aguas continentales interiores si las circunstancias lo 
permiten. Reflexión de las olas desde la orilla a través del puerto 
contra la cara interior del muelle. 

“Muelles agrupados —> Ө: dos malecones que nacen en la orilla y 
forman un embudo en la entrada del puerto. Muy costoso desde el 
punto de vista constructivo, técnico y económico. Tan solo indicado 
en lugares con condiciones naturales preexistentes. Modelo ideal 
para un puerto deportivo marítimo. 

Puerto en forma de isla —> Ө: para márgenes sensibles, con aguas 
poco profundas o problemas de espacio. Según el lugar, la isla se 
construye sobre cimentación o pontones. 


Almacenamiento en seco de barcos 

Durante el invierno, las embarcaciones grandes se guardan en naves 
о se aparcan al aire libre. Es necesario un almacenamiento seguro 
contra tormentas y estable sobre escoras y picaderos. Debe poner- 
se especial atención a la distancia de seguridad entre embarcaciones 
-p Ө. 

Las superficies libres y іаѕ circulaciones en los puertos deportivos 
deben poder soportar el transporte y el almacenamiento de embar- 
caciones, El aparcamiento para tráileres en conexión con el aparca- 
miento debería poderse cerrar. 

Las superficies de giro para remolques bajo grúas y ante varaderos 
deben dimensionarse lo suficientemente grandes (Ø mín. 18 т) у 
ejecutarse lo suficientemente resistentes (mín, 6 t carga axial). En 
grandes puertos deportivos, estas superficies deben hormigonarse 
о asfaltarse > Ө. 
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O Acceso O Prensa Ф Servicio de botes, taller 
Ф Recepción @ Gastronomía O Varadero, grúa, travelift 
Ф Área de chárter O Amarres © Puestos de guardería en seco 


0 Puerto seco fluvial Arq.: Haass 


O Llama olímpica O Prensa @ Puestos guardería en seco 
O Helipuerto O Informac. y comunicaciones ® Amarre de demanda 
O Oficina competición OEdificio de aparcamiento (Amarres de fondeo 
O Sala VIP O Taller mediciones ® Nave para surf 
O Aseos de equipos ® Estación de meteorología ® Zona mixta 
y centro médico 
(3) „Puerto olímpico de veleros, Travemünde Arq.: Haass 


O Bocana del puerto O Pantalanes O Presa 

Rampa para veleros O Aseos ® Almacén de invierno 
Ф Embarcaciones O Hotel y restaurante para embarcaciones 
O Puerto nuevo Ф Centro comercial O Travelift 
O Puerto viejo Quiosco 


(4) Ejemplo de un puerto de yates 


INSTALACIONES DEPORTIVAS 
DEPORTES ACUÁTICOS, PUERTOS DEPORTIVOS 


Tipos de puerto deportivo 

De día: flotante, únicamente para amarres diurnos de embarca- 
ciones cerca de la costa. 

Urbano/mini/zona acuática de recreo: — @ Ubicación en un 
punto atractivo de la ciudad; únicamente para pernoctación de 
turistas náuticos; servicios mínimos. 

Para acontecimientos: ubicación urbana, utilizable exclusivamen- 
te para la visita de acontecimientos mediante embarcaciones turís- 
ticas; temporal y con servicios mínimos. 

De regata y olímpico: > Ө llama olímpica, helipuerto, taller/sala 
de mediciones, estación meteorológica, primeros auxilios y control de 
dopaje, oficinas de la organización y competición, servicios 
de seguridad, sala VIP, lugares de trabajo para la prensa, grúas, 
área de lavado, amarres en el agua: Star e Yngling. Amarres a tierra: 
clase 49, Laser, clase 470, Finn, Europ Star e Yngling (todos incluyen 
aparcamiento para contenedores), nave para surf, embarcadero 
para lanzaderas, vestidores/aseos/baterías de aseos para los 
equipos, centro de información y comunicación (para conferencias 
de equipo, federación oficial, transmisión de competiciones para 
los miembros en activa, cafetería). Aparcamientos, embarcadero 
para lanchas de entrenamiento, amarres de demanda, zona mixta. 
De atraque: a ser posible, ubicación en la periferia de la ciudad; 
exclusivamente para el amarre de embarcaciones sin ningún otro 
servicio. Económico para clubes y asociaciones. 

Turístico: capitanía de puerto, oficina, amarres, aseos, tiendas, ta- 
ller, gastronomía. 

Clubes náuticos y asociaciones: club náutico, terraza, aparca- 
miento, acceso de vehículos, puestos de amarre de agua y tierra, 
reparaciones/taller. 

Puerto seco: —> Ө situación en la periferia urbana o en zonas in- 
dustriales; principalmente puestos de amarre de tierra con un buen 
funcionamiento del travellift para botar embarcaciones. Ofrece 
servicios, necesidad mínima: de superficie de agua. 

Técnico: ubicación posible en polígonos industriales; exclusiva- 
mente para servicios técnicos como grúas, reparaciones, servicio 
de invierno, desarme de embarcaciones, carenadura de firme de 
embarcaciones, etc. 

De invierno: ubicación posible en polígonos industriales; exclusi- 
vamente para almacenamiento de embarcaciones bajo cubierta en 
naves o en el exterior durante el invierno. Mantener suficiente dis- 
tancia entre embarcaciones. En lo posible, disponer de superficies 
de almacenamiento especiales para materiales de equipamiento y 
trabajo (peligro de incendio por pinturas y barnices). 


Construcciones 


- Explanada y lecho resist. a heladas 
- Radio de giro remolques - Desagúe 
- Suficiente capacidad portante | - Capa firme de hormigón, asfalto o 
= Desagúe de superficie similar 
= Tamaño suficiente - Explanada y lecho resist. a heladas 


- Firme de tierra morterenca u otro 


- Puntos de anclaje con cimentación 
р. ej., aros 


- Suficiente capacidad portante 
= Puntos de anclaje para fundas 


- Tamaño suficiente - Explanada y lecho resist. a heladas 
- Suficiente capacidad portante | - Desagúe 
- Ordenamiento reconocible - Pavimentado en adoquín, asfalto, 


hormigón u otro 
- Explanada y lecho resist. a heladas 


= Anchura de 1,5 а2,5 т 


- Separado del tráfico vehicutar | – Firme de tierra morterenca u otro 
= Seguro y visible ~ Líneas de adoquín para ` 
- Desagúe de superficie ordenamiento de plazas 


= Anchura de 1,5 a 2,5 т 
- Separado del tráfico vehicular 
- Seguro y visible 

- Desagúe de superficie 


- Explanada y lecho resistente a 
heladas 

— Firme de tierra morterenca о 
adoquín 

- Desagúe 


15) Superficies para viales, funciones y calidades de ejecución 
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Puerto para superyates, sección con zonificación en el área 
de tripulación y patrón 


Superyates 21-30 m 80-100 pies 
pequeños 

Superyates 30-60 m 100-200 pies 
medianos 

Superyates | más de 60 mj más de 200 pies 
grandes 


(2) Categorías de superyates según 
su tamaño 


Esquema de funcionamiento 
de ип puerto deportivo para 
superyates con edificio de 
servicios y lounge 


Conexión a bordo Capacidad 3 


380 V 36, 65, 125 A 
manejado por la tripulación 


Electricidad 


mín. 50 Vmin 
manejado por la tripulación 


Estación de bombas 
manejado por la tripulación 


Combustible Diesel/petróleo 
manejado por el personal 


del puerto 


Vivienda 
conserje 


Restaurante 
cafetería 


Salas 


Е Sala jóvenes у 


с 


Oficina 
(junta directiva) 


Duchas y aseos 


mujeres 


An 


Zona de entrada 


Dormitorios 
de invitados 


Almacén de 
mástiles 


Planta inferior Planta baja 


(5) Esquema funcional de un club 
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INSTALACIONES DEPORTIVAS 
DEPORTES ACUÁTICOS, PUERTOS DEPORTIVOS 


Puertos deportivos para superyates 

Un superyate es aquel que tiene más de 21 m (70 pies) de eslora, A 
partir de una eslora de unos 30 m, estos yates son operados por 
una tripulación profesional. Estos barcos necesitan una considera- 
ción especial en la planificación de un puerto deportivo, ya sea como 
ampliación de un puerto existente o como uno independiente. 
Como emplazamiento solo pueden considerarse lugares con ofer. 
ta turística de alto nivel, comunicación con un aeropuerto y conexión 
a una metrópoli. En Europa la región mediterránea es la más ade- 
cuada para el negocio de los superyates. 

Los superyates tienen una gran demanda de espacio para los ama- 
rres > 9-0 y un gran consumo de suministros — Ө. 

Es necesario un calado de 8-9 m. 

El concepto de un puerto para superyates es el de un hotel de 
5 estrellas, con un servicio de 24 horas para cuidados técnicos y 
servicio de recepción personalizado. 

La zonificación es similar a la de un hotel de 5 estrellas, con áreas 
adicionales para la tripulación y el personal de servicio — ©. 

La seguridad del barco y la tripulación debe asegurarse con las 
instalaciones correspondientes. 

Es importante tener un servicio de seguridad las 24 h, videovigilan- 
cia y sistemas electrónicos de cierre, así como la iluminación de las 
áreas más importantes del puerto. 


Seguridad en los puertos deportivos 

Las instalaciones de seguridad en los puertos deportivos protegen 
a las embarcaciones, los equipos (electrónica) y las personas con- 
tra catástrofes naturales, criminalidad, vandalismo y terrorismo. 
Medidas activas: 

- Ordenación, supervisión de las zonas de puestos de amarre, 

- Sistemas de alarmas en las embarcaciones. 

~ Seguridad de los amarres, embarcaderos (portones). 

Medidas pasivas: 

- Videovigilancia de los amarres. 

~ Iluminación de la marina. 

- Servicio de vigilancia, guardias de seguridad. 

- Medidas contra averías, plan de seguridad. 

- Gestión de seguridad. 

Los puertos con acceso público necesitan un área central que 
pueda cerrarse (capitanía de puerto) y que adicionalmente dispon- 
ga de vigilancia las 24 h. Marcar con rótulos el perímetro del puer- 
to y decretar reglas aplicables por la policía en un “reglamento del 
puerto”. ` 

Cada puerto necesita un plan de emergencia que asegure la máxi- 
ma seguridad en caso de necesidad. Se requiere que el personal 
esté formado y entrenado para casos de emergencia (deben reali- 
zar prácticas al menos dos veces al año). 


Sostenibilidad 

Las tecnologías medioambientales se pueden aplicar en puertos 
deportivos para disminuir las cargas nocivas, pero también para 
producir energías alternativas, Geotermia, energía eólica, hidráulica, 
fotovoltaica, solar (térmica), etc., pueden ser todas ellas aplicadas 
en puertos deportivos. Un buen puerto deportivo funciona de forma 
energéticamente autosuficiente. 

Un puerto deportivo que respeta el medio ambiente protege el agua 
y la tierra utilizando materiales de construcción inofensivos (sin 
contaminación del agua). 

El mínimo impacto ambiental se consigue con una concentración 
de instalaciones y tecnologías portuarias en zonas funcionales, 
mediante áreas que se puedan desconectar en invierno, zonas 
energéticas y graduaciones en la intensidad del funcionamiento. 
Conexión al transporte público en lugar de servicios de transporte! 
taxi, horarios de ahorro energético (por ejemplo, 0:00-6:00 h), gra- 
duación de precios según consumo energético, etc. 
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11) Embarcaciones de regata, de un remero 


се AN 


== 3 


1,100-1,350 
12) De 2-4 rerneros 
LN LAN УДАА Лх 
pe T SS SS AS 
NS SY NY 7 704 


а ао „Ба Жы ты- 


750/1.250/1.750 ——_ a. SE 
$0 
ө Canoa ligera de regata de 1-4-8 remeros 70 
AAA 20 
AA —_==w 
HET TO Ва E ЕЕ кы 
_————— 650-700/825-850 ———— 
(5) Canoa ligera de recreo de 1-2 remeros 
—— 170-180 — 


(6) De 4-8 remeros 


ET Y =A => 
e a ass 


850-1.050 


ed 


H100/105= 


(7) Canoa ligera de lago de 2-4 remeros 
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Ф Canoa canadiense de regata con 6 y 10 remeros con timonel 


Ф Barco dragón de competición según los estándares del IDBF 


INSTALACIONES DEPORTIVAS 
REMO Y PIRAGÚISMO 


Información: Federación Alemana de Remo, Hannover 
Federación Alemana de Piragúismo, Duisburgo 


Los botes de remo son, en su mayor parte, botes de equipo propiedad del 
club. Los kayaks y las canoas canadienses se utilizan especialmente en aguas 
bravas, sin obstáculos y paisajes naturales. 

El edificio de almacenaje de embarcaciones debe tener ventanas o lucerna- 
rios dirigidos hacia el norte para-evitar la entrada directa del sol. Dimensiones: 
puertas de > 2,5 x 2,75 m para poder entrar las embarcaciones transportán- 
dolas encima de la cabeza; anchura de la nave: > 6 m; longitud de nave: 30 m; 
altura de la nave, preferentemente 4 т -> (HB). Remos: 3,8 m de longitud; 
anchura de la pala: 15-18 cm. Los remos deben guardarse cerca de la entra- 
da, en posición horizontal sobre estanterías; o, mejor, en posición vertical, 
fijados con aros de sujeción y caja rehundida (su profundidad depende de la 
altura de la nave). Entre el muelle en el agua y el almacén de embarcaciones 
debe existir, a lo largo de la orilla, una franja de > 20-30 cm, con temas de 
agua y plazas de estacionamiento de remolques, para permitir la limpieza y 
preparación de los botes. Estas instalaciones deberían estar cerca de zonas 
de bosque o superficies con césped, para ofrecer la posibilidad de acampar. 
Piscina de entrenamiento para remos cortos —> Є; para botes de ocho 
remeros, las dimensiones de la piscina deben ser de 12,6 x 7,6 m. Existen 
piscinas de entrenamiento simples y dobles (dos lados simétricos; también 
posible con los dos lados desplazados). Mediante un circuito artificial de 
agua se simulan corrientes de agua de ríos naturales. Es conveniente com- 
binar este tipo de instalaciones con gimnasios o piscinas que comuniquen 
directamente con sus vestuarios correspondientes. 
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113) Embarcaciones de regata, de un remero 
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(17) Piscina de entrenamiento doble 
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INSTALACIONES 
DEPORTIVAS 
REMO Y PIRAGUISMO' 


Información: Federación alemana 
de remo, Hannover 

Federación alemana de piraguis- 
mo, Duisburgo 


Central de etectricidad 


Las instalaciones de entrena- 
miento de regatas para canoas y 
concursos de eslalon deben cum- 
plir los siguientes requisitos: 

1. Instalaciones naturales: en 
tramos empinados (con una pen- 
diente de 1:100 o superior); ca- 
nales federales o ríos similares 
de 10 113/5 de caudal (regulado 
por una presa en la parte supe- 
rior). En aliviaderos de molinos o 
presas, al menos 8 m de anchu- 
ra, con o sin obstáculos (cons- 
trucción de portones) -> Ө. 

2. Instalaciones artificiales: olim- 
pica: “canal de hielo” en Lech 
(alrededores de Augsburgo). Lon- 
gitud: 550 m. Canal de hormigón 
armado, rocas de hormigón como 
obstáculos y 6 m desnivel, salto 
de agua, 32 portales de paso para 
recorridos de regata y entrena- 
miento de remo y canotaje x. 


Desnivel 0,8 т 


Ө Sección transversal — @ 


6 calles de 13,5 m de anchura оаа, ai Simdan Exigencias para las pistas de re- 
} i gatas y de entrenamiento para 
{ 4 b- af } } \ \ К } $ t remo y piragüismo — Ө. 
b > pa ШИГ Exigencias mínimas para los iti- 
е nerarios de piragúismo turístico 
т t 
ЕЖ Б 
оу io і і La Federación Alemana de Ріга- 
Esquema de un canal Esquema де un canal para canoas 


gúismo fija los criterios para áreas 
de recreo destinadas al piragiis- 
15) Dimensiones más frecuentes para embarcaciones de гето у piragilismo mo turístico y estaciones de ca- 

Д notaje. Véase también pág. 349. 


de remo 


Dirección apropiada de la pista: SO-NE + Categoría femenina Kayak 500 тп... 


A id Categoría masculina Kayak y canoa canadiense 1.000 m Е | Deportistas 
E Categoría femenina remo 1.000 m e) е 
a Ñ 
Categoría masculina remo 2.000 m 3 
Orilla ™ Pantanales | 
С] A Ер AI SIRIA A а 
El a 
o eE 
3 133 
о OG 
5 ¡35 
т А Orilla H Torre de meta L zona de І 
8 8 А Е ЗЕ Tribuna llegada 
БЕ Яз 38 
50m ES 100 m (100 m) 
As 1.000 т в 590 т —_——__——+————— 500 т —— A 


ш Ж 
Aguas practicables para 


j Para embarcaciones de recreo, 
(7) е рне normal © Aguas practicables © Amarre L2 7m 
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INSTALACIONES DEPORTIVAS 
HÍPICA 


información: Federación Alemana de Equitación, Warendorf. 
Instituto Federal Alemán para el Deporte, Bonn 


Una hípica debería estar situada lo más cerca posible de una zona 
apropiada para poder realizar salidas a caballo. 
Las zonas con una elevada humedad en el suelo y en el aire, como 
las vaguadas o lugares sin viento, dificultan la ventilación necesaria. 
Son más adecuados los lugares situados en una colina, generalmen- 
te bien ventilados. La pendiente del terreno sobre el que se sitúen 
los edificios y los picaderos debe ser < 10 %. 
El cuarto de monturas debe ser preferentemente rectangular, con 
amplias superficies útiles de pared y una anchura de 4-4,5 m. Las 
sillas de montar deben colgarse en tres filas de manera escalonada 
— 0. El cuarto de monturas y de limpieza debe estar provisto de 
calefacción y bien ventilado. La altura mínima de las salas de equi- 
tación y salto es de 4 т —> Ө - Ө. Sobre el número necesario de 
plazas para espectadores no existen referencias generalizables. Las 
gradas deberán ser lo más bajas posibles para ofrecer una buena 
vista frontal del jinete y del caballo. Una solución adecuada es una 
grada de circunvalación para espectadores — @; la primera fila 
sirve de asiento y la segunda para estar de pie. Detrás se precisa 
espacio suficiente para que puedan circular dos personas. A una 
pista de 20 x 40 m le corresponden unas 200 plazas con y sin asien- 
= 1,25-1,3 — 24-25 а 128 En to. Las medidas de la entrada principal deben ser: 3 m de anchura y 
Portal o pasillo Caballo y 3,8 m de altura, de manera que puedan pasar camiones de tamaño 
Ө Entrada para сараю de cuadras jinete medio. Entradas secundarias > 1,2 m de anchura y > 2,8 m de altura, 
Las puertas deben abrirse hacia fuera. 
La banda de delimitación de la pista tiene varias funciones —> Ф: 
facilita las taréas de doma del caballo y protege al jinete contra po- 
sibles lesiones. Pendiente de parte inclinada > 20* respecto a la 
vertical. Las ventanas acristaladas a menos de 2 m del suelo deben 
protegerse con rejas de malla estrecha. Para que 10 caballos puedan 
moverse libremente fuera de sus cuadras se precisan unos 1.000 m2 
de descampado. Es recomendable sacarios en parejas y una vez a 
la semana como mínimo. 


0,25 


SH 30+ 40 +304 40 4304 45 4 
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ө Picadero рага volteretas O: Pista de sto. 
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ГА 
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(3) Pared para colgar sillas de montar 


HMHI гогон 


di и" Grada de circunvalación” 
© Bridas y brocados Ф Pared para bridas y brocados Ф Sección de las bandas Para espectadores 
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into naara 


aa ar sai 


Funciones que necesitan Circulación solo para personas 
С ares 
romanos. Circulación también para caballos 
r 
A e мы. Comunicación visual 
O Esquema de espacios internos de una hípica 
Medidas de pis- 
„------ же tas de tomeos 
• Llevar de la según Andreas 
O 216 cuerda y dar 
vueltas 50 x 100 m 
+ Rectángulo para || hasta 
же 2 Е 
i 1 сц ота 150 х 300 т 2 
al ®*®т o Pruebas de altura 
рага cabalto 
respectiv. > 
30: 80m e Salto rápido, pista | £ 
E GA para trotones 
е 9 E 
ахвот * Pruebas de doma T Н 3 
respecto. Рага trotones g E 
80 x 80m | $ 
! i e Pista de biT i 
Re 4 obstáculos S 
Formato de las pistas Utilización 1 


Medidas mínimas de las 
pistas de equitación 


(2) Medidas útiles de los espacios para montar al aire libre 


Picadero, pista para dar vueltas en clubs pequeños, en vez de 
una nave cubierta. Cuadras privadas. En hípicas grandes, para 
descargar la pista principal 


2 14m 


Pista mínima de trabajo en cuadras privadas. Para asociación 
solo puede utilizarse como solución de urgencia, Adecuada 
como pista secundaria de grandes hípicas. 


12,5x 25m 


El 15 х 30 т Cuadras privadas y clubs pequeños. Pista secundaria para 
Й hípicas grandes 
CT 20 х 40/45 т Medida norma) para hípicas; permite realizar trabajos de doma 
C] 20x60m Para hípicas grandes y escuelas de doma 
г] 25 x 66m Para grandes escuelas de salto y doma; posibilidad de realizar 


pruebas internacionales de doma en pista cubierta 


Medida de la nave Med. pista cubierta Aplicación 


е Dimensiones de pistas cubiertas 


Género almacenado 100 kg 
ocupan en 
т? 


[Avena] ССИ ГЕП 


Cantidad a almacenar 


ы |] 


Meses 


Prensado, en balas 2.900 


А аргох. 20 
(cuando solo 


se utiliza paja) 


== 29-34 
7 


[Largo sin prensar | sin prensar 


Prensado, en balas 
con cuerda 


Paja  |Prensado, en balas 
con cable 
Cortado, 100 m 
de lara 2,22-3,33 


Espacio útii de almacén para forraje por caballo 


aprox. 15 


O Espacio para almacenaje 
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INSTALACIONES DEPORTIVAS 
HÍPICA 


Normalmente el funcionamiento de las instalaciones hípicas suele ser 
similar, salvo variaciones puntuales debido a peculiaridades hípicas y 
características locales de la zona, los proyectos de edificación se dife- 
rencian básicamente por su envergadura (capacidad de las cuadras), 
De esta última dependen las dimensiones de los diferentes espacios y 
la agrupación de diferentes funciones en un mismo ámbito > Ф. El nú- 
cleo del programa consiste en los espacios cerrados destinados а! 
alojamiento, cuidado y atención de los caballos. Para poder practicar 
la hípica en días de mal tiempo es imprescindible un picadero cubierto, 
La inclusión de viviendas para mozos, encargados o profesores de 
equitación depende del tipo de instalación. 

Ajustándose a las necesidades del caballo y del jinete, se debe situar 
el eje transversal de la pista de saltos en dirección norte-sur —> 6), ya 
que la mayoría de los obstáculos de salto se toman en la misma direc- 
ción que el eje principal transversal. En pistas de torneos, orientadas 
de norte a sur, se colocarán las casetas de los jueces y las tribunas de 
espectadores detrás de la parte oeste de la pista, ya que los torneos 
importantes se celebran por la tarde. La superficie mínima de una 
pista de doma (superficie útil para montar) es de 20 х 40 m? — Ө. 
A partir de la categoría М de doma y de pruebas multidisciplinares se 
precisa una superficie útil de 20 х 60 m?. La franja que rodea la pista 
debe estar acondicionada para poder montar en ella y una anchura 
> 3 m; en la entrada > 5 m; de manera que la superficie bruta de la 
pista es de 26 х 48 m? > Ө. Al celebrar torneos hay que dejar una 
distancia mínima de seguridad entre el caballo y los espectadores de 
5 m; si son tomeos internacionales, de 20 т. 


1 Porto! triarticulado con apoyos exterioras 2) Pórtico triarticulado, estructura especial 


aj Pórtico triarticulado 4) Portico triarticulado con apoyos interiores 


5) Cercha sobre pilares atirantados 


6) Jácena sobre pilares atirantados 


(5) Sección transversal de pistas cubiertas (naves) 


Pista cubierta 


Planta 2 


lil dl 


16) Hípica en Gerolstein/Eifel Arq.: Schnitzer 


INSTALACIONES 
DEPORTIVAS 


SALTOS DE ESQUI 
información: Federación Alemana de Es- 
quí, Múnich 
La seperación d entre el antepecho de la 
cabina inferior de jueces y la horizontal 
que pasa por el extremo del trampolín debe 
estar entre D x tg 16” y D x tg 20”. Las 
cabinas se situarán en diente de sierra y 
escalonadas a lo largo de la línea definida 
por el extremo del trampolín y el punto 
situado a la distancia “d”. El canto superior 
del pavimento de las cabinas está entre 
1 y 1,2 m por debajo de la cota superior 
del antepecho. Las torres deben formar 
Croquis para la construcción 7 un ángulo entre 7° у 10° respecto al eje 
de trampolines de salto ` de la pista, para que el juez pueda obser- 
var bien todo el período de vuelo y aterri- 
zaje. En la zona de impulsión se deben 
colocar tantos puestos de salida como 


= punto norma 
= punto de tablas 


yu 


К = punto crítico (final del tramo de estabiliz. y comiénzo del arco de desaceleración) sea posible, repartidos cada metro (me- 
= final de la curva de aterrizaje dido en proyección horizontal a lo largo 

М = тато de estabilización (desde Р hasta К) de una distancia igual a Е/5. 
M1 = distancia desde Р hasta В | ё | Puesto inferior de salida = E - Е/5. 

Sl үз ссе “е х ma чы БЕС у a КЕ k Anchura mínima de la pista de salto en el 

Үн аатина punto К= 11/7 + 4 т. 
N = ргоуессібп horizontal de L Observaciones: 
Н.М = relación entre la vertical у la horizontal Las pendientes se expresan en grados sexagesimales (360°), Cuando las curvas de 
© а = pendiente de la meseta del trampolín transición son parabólicas, R1 у R2 indican la menor curvatura de dichas parábolas. 
b = pennan an tramo $ pm entre el punto norma (Р) y el punto crítico (К) Si la zona de impuisión.está sobre terreno natural, se deben colocar referencias cada 
с =pe ө del tramo de impulsió 2 m para facilitar la determinación exacta del punto de despegue. La pendiente de la 
R1 = radio del arco desde la impulsión hasta la meseta del trampolin meseta del trampolín, así como de varios puntos de la curva entre la zona de impulsión 
R2 = гайо del arco desde el aterrizaje hasta la desaceleración А $ 
ВЗ = radio del arco desde la meseta del trampolín hasta el tramo de aterrizaje y la meseta, debe fijarse a ambos lados mediante perfiles fijos, para que los técnicos 
Т = longitud de la meseta del trampolín no especializados que manipulen la pista puedan reconstruir el perfil correcto. Se re- 
U = parte del tramo de impulsión en el que ya no aumenta la velocidad comienda situar, a ambos lados de la pista de saltos, referencias fijas que permitan 
E = райе del tramo de impulsión en el que aumenta la velocidad reconstruir el perfil exacto, sobre todo después de nevadas intensas. En general, los 
Е = longitud total de impulsión (F = U + E + T) trampolines de salto con longitud L mayor a 50 m deben construirse con una Vo menor 
Э = кыша ато Че кесене ЕП Je . a 21 m/s. La Federación internacional de Esquí (FIS) no autoriza trampolines con una 
о = velocidad en la meseta del trampolín en NOP 

`D s=distancia horizontal entre extremo del trampolín y la parte inferior de la torre del juez > 90 mificepto los. de соп'евапв): 

Q = distancia entre el eje de la pista de impulsión y el carito anterior de la torre del juez Normas para los puntos más importantes de un trampolín: 


Н:М = entre 0,48 y 0,56 
Es preciso determinar el punto norma de aterrizaje: 


Р = L1-M, donde las normas рага М son: = 0,22 Vo 
СӨ Abreviaturas utilizadas М = de 0,5 a 0,8 en trampolines de Р = 70 т = 0,02 Vo? 
М = де0,7а 1,1 en trampolines de Р = 90 т = de 4а 5 veces Vo еп pista 
M1 2 para Vo entre O y 02 msg de ateizje horizontal 


R1 = entre 0,12 Vo? y 0,12 Vo? + 8 т 

R2 = entre 0,14 Vo? y 0,14 Vo? + 20 т 

R3 = se elige para el anteproyecto el perfil que 
mejor se corresponda con la curva de vuelo 


(5) Determinación del punto norma de aterrizaje 


sE 


de 0,5 a 0,7 x L1 hasta canto 
inferior de la torre para jurado 
entre 0,25 y 0,5 x L1 


с с с 9-12° 8-10* < a 


30° 35° 40° U T Vot = 0,56 0,54 0,52 05 048 b $ 
62 88 46 21 53 51 35-37* 
tal 58 49 97 48 22 653 63 608 585 562 


о о >сз 


52 44 


1 Salida 
80 65 54 106 51 23 71,5 69 66,5 64 61,5 36-38 2 Impuisión бей! 
3 Meseta > 
89 72 60 114 53 24 77,7 75 72,2 695 66,7 + 4 Desacaleración 22 Deportes 
99 80 67 125 55 25 84 81 78 75 72 37 -39° N 5 Tribunas de espectadores Ocio 
6 Torres de los jueces 1 
111 90 74 14 57 26 902 87 837 805 772 Trampolín de 
entrenamient 
124 100 81 15 59 27 963 93 895 86 825 38-40° a о INSTALACIONES 
IRTIV 
137 110 88 16 62 28 91,5 87,7 Trampolín Trampolín DEPORTIVAS 
olímpi olímpico Cam р 
Ө Dimensiones de trampolines medianos y grandes 99 P paparde juego 
A ал" : чы 
Trampolines pequeños infantil Minigolf 
CA AAA A Campos de golf 
co с 8-10* 7 -9° 6-8° -a Deportes 
H acuáticos, 
30° 35° 40° U Т Voğ=0.5 0,48 0,46 0,44 0,42 0,4 0,38 b 4 puertos 
А deportivos 
26 23 21 45 33 15 20 19,5 19 185 18 17,5 17 30-34° Remo y 
асаб 
32 28 25 5,1 35 16 255 24,8 24 23,3 225 21,8 21 30 -35° иений 
pa Saltos de esquí 
39 32 28 5,8 3,7 17 31 30 29 28 27 26 25 33-36 Pistas de hielo 
46 37 32 65 4 18 365 35,3 34 32,8 31,5 303 29  33-36* Pistas de patinaje 
sobre ruedas 
52 43 37 72 42 19 42 40,5 39 375 36 34,5 33 34-37" s Patinaje de 
= velocidad sobre 
59 49 42 8 44 20 47,5 458 44 42,3 40,5 38,8 37 34-37 patines en línea 
ө ч _ Skateboard 
Dimensiones de trampolines pequeños | Ciclocross 
i А Н | Instalaciones 
Ejemplo: en función del terreno, se obtienen los datos L1 y H/N, por ejemplo H/N = 0,54; he E 1:600 4 de tiro 
С = 35°; L = 87 т. + E 
En la tabla encontrará: L = 87 y en la columna izquierda: Vo = 26; en la misma fila: 
С = 35°, Е = 90 т, U=14yT=5,7;F=E+U+T=90+ 14 + 5,7 = 109,7 т. \ 
A pesar de todo, la FIS puede autorizar una instalación que se aparte de las medidas 
expresadas en las tablas. En este caso, el constructor ha de justificar por escrito los 
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DIN 18 036 


72 


ө 


356 


5,82 


Salida 3.000 Salida 1.500 exter. 
5.000 Espacio perimetral 


AA 


Salida ор } inter. Salida 1.000 inter. 


Salida 1.500 inter. 


Pista de 
calentamiento 


Salida 10.000 
Meta 500 1.500 3.000 5.000 10.000 


Pista estándar para carreras 


- _— A 60 


Pista para interiores 


Capa de hielo artificial 


/ Capa refrigerada con tuberías 
NTC empotradas y evt. con un revest. 
[Кеш] ооооо Sistema de tubos 


Capa de deslizamiento 
Capa de nivelación y protección 
Aislamiento térmico 


Capa portante con 
sistema de calefacción 


Capa de protección 
contra heladas 
Capa de rotura de capilares 


Ы 
2088 natural o cimentación 


Pista de hielo artificial. Esquema de una 
instalación frigorífica (agua salina) (4) Tubos empotrados — €) 


INSTALACIONES DEPORTIVAS 
PISTAS DE HIELO 


información: Federación Alemana de Deportes 
de Hielo, Múnich 
Para patinaje, hockey sobre hielo y lanzamian. 
to de disco, excepto sobre superficies heladas 
naturales, como lagos, ríos o piscinas al aire 
libre (borde resistente a la presión del hielo). 
Pistas de hielo, formado por riego, para ca. 
rreras, sobre pistas de tenis, pistas de patina. 
je y otras grandes superficies (bordillo perimetral 
de 10 a 15 ст). Riego hasta conseguir 2 ст 
de profundidad de agua, drenaje para la eva. 
cuación de agua. 
Pistas de hielo artificial con un sistema de 
tuberías de enfriamiento, empotradas a 2,5 ст 
por debajo del pavimento. Sistema de bombeo 
con una solución salina frigorífica o cámaras con 
aire frío (generalmente con compresores de 
amoníaco) > Ө y Ө. 
Pistas estándar para patinaje de velocidad, 
Longitud > 300 m; 333,5 m; normalmente 
400 m. Medidos a 50 cm del borde interior de 
la pista. Radio de la curva interior: > 25 m, 
cruces: > 70 т. Debe ser una pista doble > 6). 
2 x eje medio = 2 x 111,94 = 223,89 т 
curva interior = 25,2 х 3,1416 = 80,11 т 
curva exterior = 30,5 х 3,1416 = 95,82 т 
Cruce 
y longitud del cruce? х anchura de pista? 
a partir de 70 m 
=0,18m 
longitud total = 400 т 


Pista estándar para patinaje de velocidad. 
Anchura de la pista: 4 m; anchura pista calen- 
tamiento en interior: 3 m (recomendada para 
mejores opciones de entrenamiento: 4 m). 
Pistas de bobs con fuertes peraltes construidos 
con bloques de hielo. Plazas para espectadores 
situadas preferentemente en curvas interiores; 
en caso contrario, colocar delante pretiles de 
protección de hielo o balas de paja. 

Pistas para trineos: situadas en laderas orien- 
tadas a N, NE o NO, mejor en hondonadas. 
Longitud entre 1.500 y 2.500 m; pendiente entre 
15 y 25 %; anchura > 2 m. Salida plana o con 
contrapendiente, peralte en las curvas, protec- 
ción obstáculos con balas de paja o muros de 
nieve. Ascenso por fuera, a un lado de la pista. 
Pistas para lanzamiento de disco — Ө. 


Línea directriz 


Bomba refrigeración 
aprox. 10 mm 


Línea de tiro 


Punto de tiro 


Circulo protección 
(radio: 2 m) 


Өө Lanzamiento de disco sobre hielo, pág. 357 


INSTALACIONES DEPORTIVAS 
SL PISTAS DE HIELO 


Información: Federación Alemana de Deportes de Hielo y Federación Ale- 
mana de Curting, Múnich 

ё $ Lanzamiento de disco — @ Longitud de la pista: 42 m; ancho: 4 m (tam- 
каше DE A bién es posible 30 x 3 m). Pistas intermedias (bandas) de 1 m de anchura y 
A AA Ў en los fondos del сатро de juego > 60 cm. Rodaar el campo de salida y de 
meta con una barrera de madera fácilmente superable. 
Curling — 6) Longitud de la pista: 42 m; círculo de meta (tee) Y 3,65 m. 


S'i- 


Cruz centrai — Linea delimitación 


о E 3 ш 29 
мв de ón anterior AE 33 E Hasta el centro del círculo de meta: 38,35 m. Si al hielo se encuentra en mal 
imitaci teri g E М i "UON й 
к сори + Er 3 $ E estado puede reducirse hasta 29,26 т. Disco dercurling: peso < 19,985 kg; 
Punto de lanzamiento iba a perímetro < 91,4 cm, altura > 1/8 del perímetro. 


Lanzamiento de disco sobre hielo. Pág. 356 — Ө. 

0 Pista de lanzamiento de disco ` Hockey sobre hielo. Superficie juego: 30 х 61 т. Portería: 1,83 m de an- 
chura y 1,22 m de altura; también es superficie de juego la parte posterior 
de las porterías. La pista de juego necesita una barandilla perimetral de 
i 1,15-1,22 т de altura (de madera o material simštico) > @. 
A o А, ‚ Patinaje artístico. Superficie de hielo rectangulaz > 56 x 26 m y < 30 x 60 гп. 
Combinación entre pista de patinaje sobre ruedas en verano (de marzo a 
A >и релш ишш ЕЕ noviembre) y pista de hielo en invierno (de diciembre а febrero). Sistema de 

р tubos refrigerantes empotrados en el pavimento а 2,5-5 cm de la superficie 
(no se puede pavimentar con terrazo). 


Si TGruz central | Ginea de delimifáción anterior 7 rosor ineas y 
3 Punto de lanzamiento 0,25 m / delimitación aprox. 
cit Enestadioscon 1077 PISTAS DE PATINAJE SOBRE RUEDAS 
las de radio 
bandas de radio 8,5m вт Información: Deutscher Rollsport- und Inlineverband, Sterngasse 5, Ulm 
[2] Pistas de lanzamiento de martillo en estadios de hielo artificial 1) Pistas de deporte 

Hockey sobre patines 15 x 30 a 20 x 40 т 
44,5 + Patinaje artístico . 25 х 50 m 
71,22 1,83 1,83 6.40 21.9 6.40 1,83 1,83 >1.22 2) Pistas de juego 10 х 10а20 х 20 т 


Tabla de choque desde 3 cm por encima del pavimento hasta 25 ст de al- 
tura y barandilla a 80 cm de altura en todo el perímetro. Tela metálica de 2 m 
de altura en los fondos (interceptar pelotas), pasc«perimetral en el exterior de 
la pista con el pavimento unos 10-15 cm más baja que el de la pista, con 1,2 
m de anchura, juntas de 5-6 mm, pendiente del canal para recogida del agua 
superficial: < 0,2 %o, protección contra las һеіааг > 20 cm — Ө. 
Construcción 
‚ Placas de fibrocemento de 15 mm de grosor, colocadas sobre un empa- 
rrillado de madera о un lecho de arena. 
2. Pistas de hormigón de 10 a 15 cm de grosor; según la calidad del sub- 
suelo, a ser posible, sin juntas y, en caso necesario, juntas superficiales 
de 2 a 3 mm de anchura, de dilatación cada 25-30 т, anchura > 15 mm. 
3. Pavimento de hormigón duro, grosor > 8 mn>sobre lecho de hormigón 
fresco (a ser posible, una capa de mortero de cemento de 2 cm de grosor 
entre la capa superior y el lecho de hormigón; 
4. Pavimento de mortero de cemento con aditives, grosor entre 1 y 10 mm. MIOS 
5. Terrazo pulido, grosor > 15 mm, juntas cerradas con listones de latón, 0 
metal ligero o material sintético; solo para pisas interiores. 
6. Pistas de asfalto fundido sobre una base sólida (construcción másusua)). 


= 


INSTALACIONES 
DEPORTIVAS 


Hockey sobre patines — @ у 
La superficie de la pista de juego está construida con madera, azulejos, pod Чә мезо 
parqué и otros materiales lisos y planos que ретпќеп el deslizamiento de Tenis 
los patines. La zona deportiva se rodea de una banda de protección cuya dos de golf 
4) Hockey sobre hielo altura puede oscilar entre-un mínimo de 0,2 т y un máximo de 1,22 т. Este Deportes 

límite también puede consistir en-el cerramiento del pabellón deportivo. усш 

Ma и 

piragúismo 


Hípica 
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Pistas de hielo 
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de tiro 


Punto de penalti 
16-26-30 


S 
Е 
Е 
a 
& 
З 


Џпеа lateral 
к———— т a E зов ——————— 


(5) Pista de hockey sobre patines O Hockey sobre patines 
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de aparatos 
deportivos 


СА 


público/ 
deportistas 


B 20 —————————— 51,93 
_—————— 97,93 


Bastidor 
Banda 


Perfil L de borde 
Canal de desagúe 120/80/10 mm 
Rejilla metálica Placa de horm. 
de la pista 


Ejemplo 9 de un detalle constructivo 
con drenaje en suelo cohesivo 


| 


022222221 


—— ю — 


Dimensiones de una pista de 200 т para patinaje de velocidad 
con una superficie estándar interior de 20 х 40 т 


Capa de 
Junta deslizamiento 
боп Pista de 


patinaje, 
hormigón 
B-25 


MIGUA-5038 


РРР 
METODO RABIA 


hormigón 8-15 
Lecho de grava 


Bancada de hormigón 
Detalle de borde de una pista 

de patinaje sin separación 

con el perímetro 


LU 


Quarter con Funbox Quarter con roll-in, atrás, 

wallride o subbox, delante 

Altura+paramento 2m Altura: 1,35 т Quarter 

Anchura: 3m Anchura: 25m Altura: 2m 

Radio: 2 т - Radio/Salto: 25m Anchura: 4m 
Longitud dei table: 2,5 т Radio: 2,5 т 
Aterrizaje: 4,2 т Longitud del table: 1,5 т 


Tener en cuenta para instalaciones de salto de flybox: 
la bajada de carrerilla tiene que ser en cualquier caso más 
alta que la rampa de despegue. Normalmente el doble 


de la altura de salto. 


Flybox para зайойжҗбоп monopatín, patines 
en línea y bicis BMX 


(3) Halfpipe - kingsize 
> 
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Roll-in (alzado atrás) 
Altura: 


Anchura: 1,25 т 

Radio: 2m 

Subbox (cajón delante) 

Altura: im 

Anchura: 2m 

Fondo: 90 cm 
RRENEN 


© Halfpipe - estándar 


INSTALACIONES DEPORTIVAS 
PATINAJE DE VELOCIDAD SOBRE PATINES EN LÍNEA 


Información: Federación Alemana de Patinaje, Fráncfort; 
Instituto Federal Alemán para el Deporte, Bonn 


Programa. Superficie estándar. 20 х 40 т > Ө 
Espacios para los deportistas: 2(4) vestuarios colectivos, cada uno con 8 m 
lineales de bancos y colgadores de ropa (hockey sobre patines 4 vestuarios 
colectivos); taquillas según las necesidades específicas, para hockey sobre 
ruedas prever una taquilla en los vestuarios por cada 3 mê; 2 salas de duchas 
con 4 duchas en cada una, zona de secado, 2 lavamanos, 2 secadores y un 
inodoro, 4 salas de secado (solo hockey sobre ruedas) por cada 6 тг, Una 
sala para árbitros y entrenadores de unos 9 ті. 
Salas para patinaje de velocidad (público en general): vestíbulo de entrada 
con expendedor automático de entradas o taquilla con cajero, de unos 
40 m?; vestuarios con zona para atarse los patines, taquillas y bancos; 
vestuarios para patinaje público, simultáneamente zona para atarse los 
patines. Número de taquillas y longitud total de bancos, por ejemplo, para 
una pista de 20 х 40 т, utilizable durante todo el año, 30 taquillas individuales 
y 60 triples, longitud total de bancos, 20 m;,1 lavabo para mujeres con 
2 inodoros, lavamanos separado; 1 lavabo para hombres con 2 inodoros, 
3 urinarios, lavamanos separado; 1 enfermería de unos 9 m? 1 sala de alquiler 
de patines, cerca de la caja, de unos 12 m?. 1 sala de vigilancia y dirección 
(con los cuadros eléctricos) 8 m?, Vestuario para 1 a 2 personas, con ducha, 
lavamanos, inodoro y guardarropa. 1 taller de 4 m?. 1 almacén para grandes 
aparatos de deporte de 15 m?. 1 almacén para aparatos pequeños de 6 m?. 
1 sala para limpiar los aparatos de deporte de 12 m?. Cuarto de calefacción 
de 10 m?. Cuarto de electricidad de 4 m?. Cuarto de acometidas de 3 m?, 


Posibilidades de uso Superficie 


necesaria 
en m 

Patinaje público, patinaje 

artístico, baile sobre patines 

y hockey sobre patines 


Observaciones 


Superficie estándar 
Superficie mínima para hockey 
sobre patines: 17 x 34 


En casos 
excepcionales 


Patinaje público, patinaje 
artístico, baile sobre patines 
y hockey sobre patines 


Patinaje público, patinaje 30 x 60 m 
artístico, baile sobre patines 
y hockey sobre patines, 
patinaje de velocidad y 


deportes sobre hielo 


En general, solo si se utiliza 
también para practicar deportes 
sobre hielo, es posible además 
disponer una pista cortá de 110 m 
para patinaje de velocidad 


Pista estándar 
Solo si se utiliza también para 
practicar ciclismo y patinaje 
de velocidad sobre hielo 


Patinaje de velocidad 
Longitud del día: 


Anchura de la pista 


© Dimensiones y posibilidades de uso de las superficies de deporte 


SKATEBOARD 


El Skateboard es similar al patinaje sobre ruedas. Las superficies 
para patinaje sobre ruedas también son aptas para Skateboard. 
Superficie necesaria para un parque de skate: mín. 200 m2. 
Situación apropiada: 1. Sobre superficies asfaltadas ya existentes 
en patios de colegio, patios de juego, pistas para deporte sobre 
hielo, calles cerradas al tráfico, zonas delimitadas en parques y 
patios de manzana. 2. Tras construir la superficie adecuada en 
centros de deportes y parques públicos. 


Altura [Anchura 
nda ЖЫЙ 


ES 
5 
7 


(т) 
1,5 


Матра para skate- 


ж гъ 
india MI 
СССР ON E 


1 


Minirampa рага 
Skateboard 


e. Funpipe Ф vinirampa parasmx Ф 


Dispositivo 
de salida 
57 Monticulo 
220 ———— 220 15 3  desalida 


E 


A) Monticulo de salida 


2 40 m más el obstáculo 


minima 2 m 


Punto de contacto de la rueda tra- 
sera соп al suelo a la misma altura 
que el centro de la rueda delantera. 
Dispositivo de salida ortogonal al 
montículo de salida 


Delimitación con cintas atirantadas 


H,53 


Zona de preparación 


1 2-2 ——4—16—{——25-———— 2 — 
' Q Triple Jump (o combinación de tres obstáculos) 


к— 3 4 — 8 m 


(8) Doble Speed Jump 


1 Speed Jump 6 Speed Jump 

2 Doble Speed Jump ‚ 7 Curva empinada 

3 Triple Jump 8 Table-top 

4 + 5 Curva empinada 9 Doble Speed Jump 


9 


Longitud de la pista: 300 т 


(13) Pista de los campeonatos del mundo de 1987 en Burdeos 


INSTALACIONES DEPORTIVAS 
CICLOCROSS - BMX 


Tamaño mínimo de un solar para construir una instalación de ciclo- 
cross: 50 x 60 m. Tamaño máximo para una pista con suficientes 
plazas para espectadores: 100 x 200 m. Tener en cuenta la separación 
de seguridad entre pistas en sentido contrario. Según las caracterís- 
ticas locales existen cuatro variantes para los circuitos de BMX. 
Pista C, pista B, pista A/nacional, pista A/internacional. Longitud 
mínima pista C: 200 m. Anchura montículo salida: 5 m, = 4 puestos 
de salida. 

Longitud mínima pista B: 250 m. Anchura montículo de salida: 7 m 
= 6 puestos de salida. Tiempo mínimo del recorrido: 30 s. 

Longitud mínima de una pista A/nacional: 270-320 m; anchura mon- 
tículo de salida: 9 m = 8 puestos de salida. Tiempo mínimo del reco- 
rrido: 35 s. 

Longitud mínima de una pista A/internacional: 300 т. Anchura mon- 
tículo salida: 9 т = 8 puestos salida. Tiempo mínimo recorrido: 35 s. 
Superficie rígida en recta de salida. El tiempo del recorrido debe ser 
alcanzable por un ciclista medio de 15 años de edad. No emplear 
elementos de material duro (piedras, hormigón, madera, etc.) para 
delimitar lateralmente la pista. Basta con neumáticos o balas de paja. 
Los límites fijos tienen que guardar una separación mínima de 1 m. 
Delimitación de las zonas para espectadores con cuerdas. En la zona 
interior no puede haber espectadores. En los tramos de descenso no 
puede alcanzarse una velocidad superior a 40 km/h. Las curvas y 
obstáculos se pueden ordenar libremente a lo largo del recorrido. 


к—2 —— 1,8 —— 2 — ism 2 —y 
Ф Моди! Jump (Моди!) 


1 Speed Jump 
2 Speed Jump 


3 Table-top 
4 Table-top 


5 Speed Jump 


© Pista para MBX de la IFMA 1984 en Colonia 


< 359 


Deportes 
Ocio 


INSTALACIONES 
DEPORTIVAS 


Campos de juego 
Atletismo 

Tenis 

Minigolf 
Campos de golf 
Deportes 
acuáticos, 
puertos 
deportivos 
Remo y 
piragúismo 
Hípica 

Saltos de esquí 
Pistas de hielo 
Pistas de patinaje 
sobre ruedas 
Patinaje de 
velocidad sobre 
patines en línea 
Skateboard 
Ciclocross 
instalaciones 

de tiro 


Deportes 
Ocio 


- TALACIONES 


DEPORTIVAS 


троз de juego 
Atletismo 
Tenis 

Minigolf 
ampos de golf 
Deportes 
acuáticos, 
puertos 
deportivos 
Remo y 
piragúismo 
Hípica 

altos de esquí 
stas de hielo 
as de patinaje 
sobre ruedas 
Patinaje de 
locidad sobre 
atines en línea 
Skateboard 
Ciclocross 
Instalaciones 
de tiro 


жр 
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(2) Pista de tiro para armas de aire comprimido у CO»; puesto de tiro cubierto, ` 


pista al descubierto 


13) Pista de tiro al blanco para armas de pequeño calibre 


ES] Altura mínima del muro central 


PI AR УУУУ УЗУЫ РУ Зу Зуу зууну, 


INSTALACIONES DEPORTIVAS 
INSTALACIONES DE TIRO 
Información: Federación Alemana de Tiro, Wiesbaden-Klarenthaj 


Situación: preferentemente en un bosque, en una cañada Соп un 
promontorio natural para parar las balas, lejos de caminos e insta. 
laciones públicas. También las instalaciones de tiro son Posibles 
en el interior de edificios, por ejemplo, en pabellones polideportivos, 
Por lo general se trata de instalaciones de tiro con carabinas de aire 
comprimido o de pequeño calibre y pistolas > @ - Ө — pág. 361. 
Los requisitos de seguridad que deben cumplir este tipo de insta- 
laciones en Alemania se detallan en las normas de la Federación 
Alemana de Tiro, 

Especialidades de tiro deportivo 

Tiro con carabina: carabina de aire comprimido 10 m xx de peque- 
ño calibre 15 m, carabinas de pequeño calibre 50 m x, carabina 
estándar de pequeño calibre xxx, carabina de tiro al blanco 100 m, 
carabina de gran calibre 300 m, carabina estándar de gran calibre 
300 m. 

Tiro con pistola: pistola de aire comprimido 10 т xx, pistola olím- 
pica de tiro rápido 25 m x, pistola deportiva 25 m xxx, pistola es- 
tándar 25 m, pistola libre 50 m x. Tiro al pichón: {гар х, skeet х. 
Tiro al blanco móvil: blanco móvil, 10 m y 50 m x. f 

Tiro al arco: condiciones de la sala, condiciones internacionales 
xx, al aire libre. de І 

Tiro de ballesta: condiciones nacionales, condiciones internacio- 
nales 10 y 30 m. 

Tiro de baqueta: condiciones nacionales. 

Competiciones olímpicas: x = pruebas masculinas, xx pruebas 
mixtas, xxx pruebas femeninas. 

Para construir una instalación de tiro, además del permiso de cons- 
trucción habitual, se necesita el certificado de un técnico especia- 
lizado. 

Se debe respetar el derecho de los “vecinos” a oponerse a la cons- 
trucción de una instalación que provoca molestias por el ruido. Los 
elementos de seguridad, como parabalas, muros, taludes laterales 
y cerramiento de la pista de tiro se deben construir con materiales 
autorizados o, en caso contrario, recibir la aprobación expresa del 
técnico especializado. 


Ө sección ө 


(5) Pista de tiro combinada de 100 y 50 m — Ө 
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Puesto de tiro: 
Escorias sobre 
lecho de grava 


Г 12) Sección longitudinal de una instalación de tiro al pichón 
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Puesto de tiro de 25 т para pistola y revolver de todos los calibres. A la izquierda muro lateral continuo, a Іа derecha talud 
continuo de tierra (también puede construirse a ambos lados un muro o un talud de tierra) 


Talud lateral 


б сэ с; 
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INSTALACIONES DEPORTIVAS 
INSTALACIONES DE TIRO 


Seguridad en altura: 

El alcance máximo de un arma se calcula a partir del ángulo de tiro 
más favorable. 

Este ángulo es de 20° para las armas de aire comprimido de CO, 
y de pequeño calibre y de 30* para las escopetas y pistolas. 

Para los puestos de tiro con arco y de ballesta existen normas di- 
vergentes. Las zonas amenazadas se deben apantallar con ele- 
mentos de protección. Estos elementos son: parabalas de altura, 
protecciones laterales (muros o taludes de tierra) у el cerramiento 
de la pista de tiro. La pista de tiro se debe construir de manera que 
no exista peligro ni en el interior, es decir, para las personas 
que participan en los ejercicios de tiro, ni en el exterior, es decir, 
para las personas que pasan por las inmediaciones de la instala- 
ción. Se deben satisfacer las normas aplicables en cada caso. 
Saber juzgar si un determinado solar es adecuado para construir 
una instalación de tiro, es fundamental para calcular los costes 
de construcción. Debería consultarse siempre a un técnico espe- 
cializado, ya que éste, debido a sus conocimientos y experiencia, 
puede proporcionar al proyectista la necesaria información espe- 
cializada. Sobre todo se debe considerar: separación a las zonas 
urbanizadas o de urbanización prevista, y a edificios habitados; 
dirección de tiro prevista (norte o noreste), características del 
subsuelo, características del terreno. ¿Es posible o deseable 
separarse aún más de lo que marcan las normas? Instalaciones 
de suministro y evacuación, accesos, trazado viario (incluso el 
planificado para el futuro), aparcamientos, zonas de ocio y turís- 
ticas. Las medidas de seguridad exigidas se deben tener en 
cuenta en el proyecto desde el primer momento, aunque pueden 
construirse en diferentes fases. | 

Los permisos y autorizaciones dependen de las autoridades con 
jurisdicción en cada caso. La ordenación interior y el perímetro de 
una instalación de tiro debería proyectarse de manera que las fu- 
turas ampliaciones puedan realizarse con sentido y con un coste 
reducido. Al planear instalaciones al aire libre se deben prever me- 
didas de aislamiento acústico. 


Cubierta de intercepción 


АЫ 


Zona de seguridad de una pista 


ө 
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de tiro al arco соп 6 puestos de tiro 


Deportes 
Ocio 


INSTALACIONES 
DEPORTIVAS 


Campos de juego 
Atletismo 

Tenis 

Minigolf 

Campos de goif 
Deportes 
acuáticos, 


puertos 
deportivos 
Remo y 
piragúismo 
Hípica 

Saltos de esquí 
Pistas de hielo 
Pistas de patinaje 
sobre ruedas 
Patinaje de 
velocidad sobre 
patines en línea 
Skateboard 
Ciclocross 
Instalaciones 
de tiro 


Deportes 
Ocio 


PABELLONES 
POLIDEPOR- 
TIVOS 


Dimensiones 
Disposición, 
LA 


Ejemplos 

Yudo, lucha 
grecorromana, 
alterofilia, boxeo, 
badminton 
Squash, 
ping-pong, billar 
Gimnasios de 
mantenimiento 
Rocódromos 
Boleras 


DIN 18032 
DIN 18036 


Número 
campos 
entreno 


Tipo de Dimensiones Sup. Tipo 
pabellón enm campo | de deporte") 
deporte 
en тё 


Pabellones polideportivos 


Pabellón :405 | Badminton 


individual 


15x27x5,5 


27 x 45 x 7% Badminton 


divisible en Baloncesto 

3 campos Fútbol sala 

(15 х 272 Balonmano 
Hockey 
Voleibol 


Badminton 
Baloncesto 
Fútbol sala 
Balonmano 
Hockey 
Voleibol 


Pabellón 
cuádruple 


27 x 60 x 73 
divisible en 

4 campos 
(15 х 27)9 


Badminton 
Baloncesto 
Fútbol sala 
Balonmano 
Hockey 
Voleibol 


Pabellón 
doble 


22 x 44 x 790 
divisible en 
2 campos 
(22 х 28+22 х 16 


о 
22 х 26+22 х 189 


Pabellones de deporte 


Badminton 
Baloncesto 
Fútbol sala 


Voleibol 


44 x 66 х 8% 
divisible en 
3 campos 


(22 х 44)9 


Badminton 
Baloncesto 
Fútbol sala 
20х40 

30 x 60 

Balonmano 
Hockey 
Voleibol 


Pabellón 
cuádruple 


44 х 88 х 99 
divisible en 
4 campos 


Badminton 
Baloncesto 


(22 х 44)9 


1 Deportes que suelen jugarse a cubierto, sin tener en cuenta posibles características 
regionales o locales. 

2 Dimensiones basadas en los reglamentos de las federaciones intemacionales de de- 
porte; para competiciones nacionales, pueden reducirse si es preciso. 

3 En la zona perimetral se puede disminuir la altura del pabellón, teniendo en cuenta los 
requisitos funcionales para practicar el deporte correspondiente. 

% Si existen varios pabellones en el mismo complejo, o en la misma zona, se puede 
disminuir la altura hasta 5,5 m en algunos de estos pabellones, si la utilización prevista 
lo permite, 

Э Menos el grosor del dispositivo de separación. 

9 Número máximo, sin considerar el grosor del dispositivo de separación. 


11) Dimensiones de los pabellones 


Duchas 
тіп, 15 m39 


Tipo de Vestuario 


pabellón 


(mín. 20 m2 Para cada 


(2) Salas auxiliares para la práctica de deportes 
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Vestíbulo 


PABELLONES 
POLIDEPORTIVOS 


DIMENSIONES 
Información: Instituto Federal Alemán para el Deporte, Bonn 


Las bases de proyecto tienen como contenido: pabellones polideportivos, 
pabellones de deportes y pabellones polivalentes. Dichas bases tienen 
en cuenta los reglamentos para la realización de campeonatos de las 
diferentes federaciones de deportes, e intentan conseguir la mejor inte- 
gración posible de los diferentes tipos de deporte > @. 

El tamaño mínimo de la parcela depende de las dimensiones del campo 
de deporte y de la superficie necesaria para los locales auxiliares. En ge- 
neral, cuando aún no se ha establecido el programa global, se puede 
calcular una superficie mínima del solar: 2 x superficie del campo de de- 
porte + separación mínima a los lindes de la parcela + superficie necesa. 
ба de aparcamiento. 

Dimensiones de los pabellones > @. Es preferible construir un pabellón 
divisible que varios individuales, ya que ofrece mayores posibilidades de 
utilización. 

Locales auxiliares para actividades deportivas. 

Vestíbulo con taquillas, guardarropía para los espectadores y, eventual- 
mente, cuarto de limpieza -> Ө 0,1 m2/espectador. 

Plazas necesarias para espectadores e invitados de honor, prensa, radio 
y televisión: según las necesidades de cada caso. 
Superficie/espectador, incluida superficie circulación: 0,5 х 0,4-0,45 т, 
Por periodista, incluida superficie circulación: 0,7 5 х 0,8-0-0,85 m2, Por 
cabina de radio, incluida superficie circulación: 0,8 х 2 m2. Por plataforma 
con cámara TV: 2 x 2 m?, 


Dimensiones А 
епт 


En función 
del equipo, 
altura mínima 3,5 


Superficie útil 
de deporte en т? 


35 hasta 200 


Sala de 
musculación 


Sala de En función 


mantenimiento del equipo, 
altura mínima 2,5 


Sala de 10 х 10 х 4 hasta 
gimnasia 14 х 14х4 


(3) Dimensiones de los locales auxiliares de deporte 


20 hasta 50 


100 hasta 196 


1) Altura mínima, en general, 2,5 m. 

2 Superficie necesaria por deportista: 0,7-1 m? (base de cálculo: 0,4 ті de banco por 
deportista, 0,3 m de profundidad, 1,5 m de separación mínima al siguiente banco o 
hasta la pared, separación recomendable: 1,8 m). 

3 1 ducha para cada 6 deportistas, pero al menos 8 duchas y 4 lavamanos y lavapiés 
por cuarto, Ducha, incluido espacio de circulación, como mínimo: 1,5 m2, lavamanos, 
incluido el espacio de circulación, como mínimo: 1 пт; anchura mínima de los espa- 
cios de circulación: 1,2 m. 

< Cuarto para monitores, jueces y, ev., enfermería, con vestuario y ducha. Enfermería 

independiente, сото mínimo 8 m2, El cuarto de monitores, según donde esté situado 

y si es lo bastante grande, también puede utilizarse сото oficina de dirección. 

5 Cuando el equipo de aparatos varía de un lugar a otro, ha de tener unas dimensiones 
mayores a las citadas en esta tabla. Ningún sector de un pabellón polideportivo ha 
de tener un almacén de aparatos de menos de 6 m de largo 

9 Dividido en dos sectores, cada uno con la mitad del equipamiento. 7 En general, 
profundidad mínima: 4,5 т, máximo 6 т. ® En general, profundidad mínima: 3 m, 
máximo 5,5 т. % Según las necesidades particulares. 

19 Ev., dos cuartos más grandes con el número correspondiente de duchas y lavamanos. 


monitores limpieza mantenimiento 
(212 тг Pabellón aparatos pabellón 

sin puesto polideportivo | deportes (2 5 m) (2 10 т) 

19 auxilios 

28m 


Número Número 


mínimo 


Número т? 


Superficie útil de la pista 


Dimensiones Dimensiones 
admisibles estándar 
Longitud Anchura Longitud] Anchura 


COME 


16 14 


-12 
17-20 


36,57 


бїтпазїа de . 
trampolín 4,57 2,74 4,57 2,74 4 12,57 


‚ [Y Cifras entre paréntesis: valores recomendados; 2 en competiciones nacionales, basta con 7 m; 3 si hay graderías junto a la pista 
¿| es preferible 2 m; # superficie adicional necesaria para la mesa de cronometradores y banquillo de suplentes (eventualmente en ө! 
cuarto de aparatos de deporte); 9 en una zona perimetral de 3,3 т de anchura en torno a la superficie neta de juego, se acepta una 
reducción uniforme а 5,5 m; ® en campeonatos nacionales 12 m. 


Total de la zona de juegos Distancia de seguridad% еп т 


sin obstáculos") 
long. х anch. х alt. еп т por delante entre sí 


4,5 


"рага el deporte de competición; 2 para el deporte escolar y de mantenimiento (entre aparatos fijos y paredes u otros aparatos fijos); 3 longitud de la carrera 
de impulsión: 25 т, longitud del aparato 2 гп, longitud de la carrera de salida: 9 m; 4 separación entra ejes de іаѕ cuerdas 0,5 m; $ medido respectivamente desde 
el eje dal poste del aparato, desde su altura o del extremo de la Бага о sje de la cuerda; % se puede reducir a 4 m respecto a las paredes y a 3,5 т respecto а 
las cortinas; Э para campeonatos nacionales basta con una altura de 7 m; А = Austria 


12) Zona sin obstáculos y distancias de seguridad de los aparatos fijos 


y 


PABELLONES 
POLIDEPORTIVOS 


DIMENSIONES 


Para cada 3 espectadores se 
necesita una plaza de guardarro- 
ра — pág. 349 Ө. 

Cada 30 plazas de guardarropía 
se necesita 1 ml de mostrador 
de entrega. Número de aparatos 
sanitarios por espectador: 0,01. 
40 % inodoros para mujeres 

20 % inodoros para hombres 
40 % urinarios para hombres 


Espacio necesario por inodoro, 
incluido un vestíbulo previo: 
2,5 m?; espacio necesario para 
cada urinario, incluido un vestí- 
bulo previo: 1 m?. 


Taquillas, cafetería, policía bom- 
beros, administración, almace- 
nes, sala de prensa: según ne- 
cesidades específicas. Almacén 
de mesas y sillas: 0,05 -0,06 m? 
por espectador. 


Tarimas y otros objetos para el 
escenario: 0,12 m2 por cada m? 
de escenario. 


Taquillas: según las necesida- 
des de cada caso. 


Aprovisionamiento gastronómi- 
co: superficie expendedor auto- 
mático: 1 x 0,6-0,8 m? 
Pequeña cocina: 12-15 m?; 
6 m? de despensa 


Cafetería/restaurante: de 1,5 a 
2,7 m? por plaza: 1-1,5 m? para 
zona de clientes y 0,5-1,2 m? 
para cocina y almacenes. 


Mostrador autoservicio: 1 m li- 
neal mostrador/ 50 visitantes. 


Barra con camareros, cada 
100 visitantes: 2 m lineales ba- 
rra. Pequeño escenario: 100 m?. 
Guardarropa deportistas, sala 
polivalente entrevistas, clases, 
conferencias, sala juegos para 
billar, cartas, etc., sala lectura, 
pista bolos, según necesidades 
específicas. Además de cuartos 
de instalaciones, prever otros 
para guardar aparatos de de- 
porte y mantenimiento. Cuarto 
aparatos de deportes al aire li- 
bre: 0,3 m2 por cada 100 m? 
superficie útil deporte (super- 
ficie neta) = 15 m2. Cuarto apa- 
ratos mantenimiento: 0,04 т? 
por 100 m?; superficie bruta = 
12 m?, Si el mantenimiento se 
realiza fuera del pabellón, trans- 
portando los aparatos, puede 
prescindirse de este cuarto. 
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Deportes 
Ocio 


PABELLONES 
POLIDEPOR- 
TIVOS 


Dimensiones 
Disposición, 
construcción 
Aparatos 
Graderías 
Ejemplos 

Yudo, lucha 
grecorromana, 
halterofilia, boxeo, 
badminton 
Squash, 
ping-pong, biltar 
Gimnasios de 
mantenimiento 
Rocódromos 
Boleras 


Deportes 
Ocio 


” 'ABELLONES 
POLIDEPOR- 
TIVOS 


Dimensiones 
Disposición, 
construcción: 
Aparatos 
Graderías 


Ejemplos 
Yudo, lucha 
recorromana, 
rofilia, boxeo, 
badminton 


Squash, 
g-pong, billar 
Simnasios de 
tantenimiento 
Rocódromos 

Boleras 


PABELLONES 
POLIDEPORTIVOS 


DISPOSICIÓN, CONSTRUCCIÓN 


Rastreles de apoyo 
20-40 mm 


del pavimento flotante, aprox. 18-23 mm 
aprox. 18-23 mm: 


< 3 Cuarto de monitores 
4 Vestuario 


5 Duchas y lavamanos (7) Construcción de un pavimento 


6 Aparatos y productos flotante 
de limpieza 
7 Lavabo ЕП Placas гейсшагез. de apoyo 30 х 30, aprox. 16 mm 
a - Placa de reparto de presiones, aprox, 13 mm 


E En 3 


о Barrera 
Сара de espuma antihumedad 
elástica 


O Construcción de un pavimento 
elástico 


Capa elástica, aprox. 10-14 mm 


Revestimiento 
de material sintético 


8 Cuarto de mantenimiento del pabellón 
9 Circulación con calzado deportivo 

10 Circulación con calzado de calle 

tt Pabellón 22 х 44.x 7 т 

Pabellón 27 x 45 x 7 m, divisible 

en tres espacios de enfrentamiento 
de 15 х 27 т 


O Construcción de un pavimento 
puntualmente elástico 


Tratamiento de acabado 


2? _——————ҥҥ———— үа MMNA Ф Construcción de un pavimento 
í ЧИГ de bloques de madera 
© Sala para. gimnasia de aparatos de 15 х 27 т, con sala para ejercicios en el-suelo 15 х 18 m 
1. Armario de aparatos 4. Plinton grande 8. Barra de equilibrio 11. Barra de pie 14. Postes de salto 17. Portería de balonmano 
2/12. Colchoneta con 5. Caballo 9. Trampolín (muelles) 12/2. Colchonetas con 15. Colchoneta 18. Colchoneta blanda 
carrito 6. Potro 10. Contenedor de mag- carrito 16. Sup. para aparatos 
3. Plinton pequeño 7. Barras paralelas пезіо 13. Trampolín pequeño suplementarios 


— - 15 - -_ ___ —————{ m s — — 6 
(4) Faro d тшеп de los aparatos en los.almacenes de pabellones polideportivos 15) Cuarto de aparatos 16) Cuarto de aparatos 
е 15х27 m 
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1—10 —— 


Potro 


42252 


—% 


ANA 


*— 175 


о Barras paralelas 


^7 


e 


a 


Barra de equilibrio 


Ө Anillas 


miw 
к_—160————з 


Ajuste: 50 mm 
н 


——— 120 — 


Sitio para la colchoneta de salida 


Cabalto fijado al suelo 


© Salto de caballo masculino 


PABELLONES POLIDEPORTIVOS 
APARATOS 


Información: Instituto Federal Alemán para el Deporte, Bonn 


NH 18,9 2 — 39 H— 5. 


Barra equilibrio 


E 
3 ! 
3 
| 
ш 
a 
jl 
s 
Ejercicios en el suelo 
T 
ә 
е 
2 
E „ 
d f 
o a 
E: E 
E іа 
3 3 
8 
El 
@ 


ke 9,5 ——— 4,5 m 9 ————ҹ 


y = juez auxiliar 
ЈР = juez principal 


Disposición para campeonato, superficie necesaria, dimensiones de cada una 
de іаѕ zonas, situación de los jueces 


© y 


PA 250 —— 


© Salto de caballo femenino 
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Deportes 
Ocio 


PABELLONES 
POLIDEPOR- 
TIVOS 
Dimensiones 
Disposición, 
construcción 
Aparatos 
Graderías 


Ejemplos 


Yudo, lucha 
grecorromana, 
halterofilia, boxeo, 
badminton 


mantenimiento 


Rocódromos 
Boleras 


DIN 18032 
DIN 18036 


Deportes | 


Ocio 


PABELLONES 
POLIDEPOR- 
TIVOS 


Dimensiones 
Disposición, 
construcción 
Aparatos 
Graderías 
Ejemplos 
Yudo, lucha 
уесототала, 
»ofilia, boxeo, 
badminton 
Squash, 
19-pong, billar 
Gimnasios de 
1antenimiento 
Rocódromos 
Boleras 


DIN 18032 


Sección esquemática por las 
gradas 


H—= 1,5 ———+— 0,8 — 


Sección por unas gradas con 
asientos y pasillo detrás suyo 


0,35 0,45 
es! 


13) A Gradas con pasillo inferior de acceso; 
B Gradas con pasillo superior de acceso 


Colocación de la cortina de 
separación entre dos vigas 


ke Ре > 
* anchura en función de la altura de pabellón y del grosor del materia! 


Colocación de la cortina 
de separación a ambos 
lados de una viga 
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2 2 2 2 


2 


-Ҥ 33439 43944 334-334 


H33 


Colocación de la cortina de 
separación a una viga; con cajeado 
de absorción acústica 


Cortina de separación con sistema 
de lamas, situada dentro de una caja 
con aislamiento acústico en una malia 
espacial 


PABELLONES POLIDEPORTIVOS 
GRADERÍAS 


Las gradas para los espectadores — @ – Ө pueden consistir en 
tribunas móviles o fijas. En las instalaciones pequeñas, de hasta 
10 filas de asientos, se puede partir de una pendiente lineal de lag 
filas (desnivel entre 28 y 32 cm). En las demás instalaciones debería 
preverse una pendiente parabólica (altura de los ojos en las plazas 
sentadas: 1,25 т; en las plazas de pie: 1,65 ст). Desnivel entre las 
filas de asientos: 15 cm; entre las filas con plazas de pie: 12 cm, 
Profundidad de las filas de asientos: 80-85 cm > Ө - Ө; de las filas 
con plazas de pie: 40-45 cm. Punto de referencia visual: 50 cm por 
encima de la línea exterior del campo de juego. 

Proteger las plazas de espectadores situadas detrás de las porterías 
con redes, así como las plazas de espectadores situadas en los pisos 
superiores y en las galerías durante los entrenamientos de deportes 
de pelota. En la zona de acceso, vestuarios, lavabos, cuarto de 
monitores, cuartos de deportes adicionales y pista de deporte es 
recomendable separar la circulación con calzado de calle de la cir- 
culación con calzado deportivo > Ө - @. Se debe poder acceder 
a las duchas directamente desde el vestuario. Entre la zona húmeda 
de las duchas y el vestuario se debe disponer una zona de secado, 
Las zonas de duchas, divisibles en dos unidades, deben estar comu- 
nicadas con los dos vestuarios contiguos de manera que desde cada 
vestuario se pueda acceder a cualquiera de las duchas — Ө - Ф. El 
cuarto de monitores debería estar cerca de los vestuarios. La enfer- 
mería o botiquín debería estar al mismo nivel que la pista de juego y 
puede integrarse en el cuarto de monitores. 

El acceso a las gradas se puede realizar indistintamente desde arriba 
о desde abajo. El acceso desde la parte inferior resulta más econó- 
mico (se ahorran escaleras y pasillos). Sin embargo, presenta incon- 
venientes a la hora de organizar campeonatos, ya que al pie de la 
gradería coinciden espectadores y deportistas > Ө. Los lados libres 
se deben proteger con barreras de 1 m de altura como mínimo, me- 
dida desde la superficie de circulación. 

La forma del techo y de las paredes en el encuentro con las cortinas 
de separación debe impedir la aparición de puentes acústicos cuan- 
do la cortina esté bajada — Ө - Ө. 


Circulación con calzado de calle 


Banco con colgaderas, doble 
O Sempla 1 Ф о mural е 


Circulación con calzado deportivo 


Circulación con calzado de calte 


Ejemplo 3 z 
Tres posibles soluciones para ta zona de vestuarios y lavamanos (superficie 
punteada: revestimiento con rejilla de PVC) 


Pistas de carreras 


~ Ángulo visual 


Variante A: pista circular Variante В: boxeo 


0 Organización de los espectadores 


(3) Planta del pabelión Europahalle, Karisruhe Arq.: Schmitt, Kasimir, Blanke 


(4) Planta del pabellón de atletismo Dortmund Proyecto y planteamiento: 
Oficina municipal de Dortmund 


Circulación con calzado deportiva 


Esquema de relaciones entre 
los diferentes espacios 


Y  Circutación con calzado de calle 


PABELLONES 
POLIDEPORTIVOS 


EJEMPLOS 
» - acceso directo 
> - recorrido de evacuación 
—— -ассезо principal 
o=. -relación visual 
——— - acceso delimitado 
эй - espacios suplementarios 


е - espacios suplementarios para 
pabellones subdivisibles 


о - espacios e instalaciones suple- 
mentarios según necesidades y 
características locales 


-0 


Leyenda — © 

Planta del nivel de acceso 

1. Entrada para los deportistas desde 
la plataforma de circunvalación; 2. Entra- 
da y vestíbulo para los espectadores; 
3. Administración; 4. Taquillas; 5. Guarda- 
rropa; 6. Lavabos hombres; 7. Lavabos 
mujeres; 8. Sala de precalentamiento; 
9. Información; 10. Sala de formación y 
descanso; 11. Acceso a planta sótano; 
12. Expendedores de bebidas; 13. Acceso 
alas gradas superiores; 14. Sala de direc- 
ción con panel de informaciones; 15. Gra- 
das fijas; 16. Conexión vestuarios/pista de 
juego; 17. Pista de carreras de 200 m; 
18. Pista de juego; 19. Gran panel infor- 
mativo; 20. Gradas móviles; 21. Marcador; 
22. Plataforma de circunvalación con las 
salidas de emergencia. 


Es posible un uso flexible del pa- 
bellón > Ө 

1. Tenis; 2. Balonmano; 3. Atletis- 
mo; 4. Boxeo; 5. Deporte escolar. 
Mediante cortinas resistentes al 


impacto de pelotas y redes para ` 


impedir el paso de pelotas en los 
fondos, se puede dividir el espacio 
interior en cuatro unidades del ta- 
maño de un pabellón de deportes 
escolar. Con una sala de precalen- 
tamiento delante de la zona de 
entrenamiento y bajo las gradas 
retráctiles, los grandes pabellones 
llegan a ofrecer 6 lugares indepen- 
dientes de entrenamiento para uso 
de escuelas y asociaciones. Así se 
satisfacen los requisitos para ce- 
lebrar competiciones internaciona- 
les y los necesarios para el entre- 
namiento de escolares y miembros 
de asociaciones deportivas locales. 
Leyenda — (3) 

Planta del nivel de acceso 

1. Explanada de acceso y taquillas; 2. Sa- 
lidas/salidas de emergencia; 3. Vestíbulo; 
4. Kiosco de bebidas; 5. Teléfono; 6. Esca- 
lera a lavabos para espectadores; 7. Paso 
elevado por encima de pista de juego; 
8. Pista de carreras de 200 m; 9. Salto con 
pértiga; 10. Salto de altura; 11. Pistas ca- 
rreras de velocidad; 12. Salto de longitud: 


13. Lanzamiento pesas: 14. Acceso a la 
dirección. 


Datos técnicos: > Ө 

Pista circular para carreras, 200 m 
de cuerda (campeonatos); pistas 
lineales para carreras, 130 + 100 т 
(entrenamiento), lanzamiento de 
pesas, lanzamiento de disco, salto 
de altura. 
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Deportes 
Ocio 


PABELLONES 
POLIDEPOR- 
TIVOS 


Dimensiones 
Disposición, 
construcción 
Aparatos 
Graderías 
Ejemplos 
Yudo, lucha 
grecoromana, 
halterofilia, boxeo, 
badminton 
Squash, 
ping-pong, bitlar 
Gimnasios de 
mantenimiento 
Rocódromos 
Boleras 


0 1.000 0 1,000. 2... PABELLONES POLIDEPORTIVOS 


15 ~ 98 pi 
Т YUDO 


Información: Federación Alemana de Yudo 

Superficie de lucha: desde 6 х 6 т hasta 10 x 10 m o 2 6 x 12 т, re- 

cubierto con una colchoneta elástica. Superficie del cuadrilátero para 

campeonatos nacionales e іпіетасіопаіеѕ: 10 х 10 m. No se admiten 
` las colchonetas acolchadas. Se debe intentar elevar las colchonetas 

15 cm del suelo. La línea de separación entre la superficie de lucha y 

el perímetro debe ser claramente visible > @. 


11) Yudo. Superficie de lucha sobre una plataforma 


— 


LUCHA GRECORROMANA 


Dimensiones del cuadrilátero para campeonatos regionales: 5 х 5 m, 
para campeonatos nacionales e intemacionales: 6 x 6 m, a ser posible: 
8 x 8 m, adecuado para campeonatos del mundo y juegos Olímpicos. 
El centro del cuadrilátero se debe señalar con un círculo de 1 m de 
diámetro y 10 ст de anchura. Grosor de la colchoneta: 10 cm; reves- 
timiento blando. Franja de protección perimetral. A ser posible de 2 m 
de anchura, en caso contrario, pendiente de 45°. La zona de seguridad 
debe tener el mismo grosor y características que la colchoneta en Una 
(2) “Punching-Ball Vista frontal > Ө franja de 1,2 m y se debe diferenciar por el color de su superficie, 
Franja de seguridad en combates nacionales: 1 m de anchura. Altura 
de la plataforma: < 1,1 m; sin postes ni cuerdas en las esquinas. 


HALTEROFILIA 


Información: Federación Alemana de Halterofilia, Egelsbach 
Cuadrilátero de 4 x 4 m, a ser posible marcado con tiza sobre una tarima 
de madera de gran resistencia; pavimento no elástico; puesto fijo para 
los levantadores de pesos. Diámetro máximo de los discos: 450 mm; 
peso de los discos para ejercicios con un brazo: 15 kg; peso de los 
discos para ejercicios con dos brazos: 20 kg. 


gE 
32 
ЕЯ 
S 
25 


BOXEO 


Información: Federación Alemana de Boxeo Amateur 

Dimensiones ring según reglamento intemacional: de 4,9 х 4,9 ma6,1 
x 6,1 m; generalmente suele tener 5,5 x 5,5 m. La plataforma en la que 
se coloca el ring suele tener 1 т más de anchura en todos los lados. 
Dimensiones de la plataforma: entre 7,5 х 7,5 y 8 x 8 т — Ө. 


BADMINTON 


Información: Federación Alemana de Badminton 

Generalmente se construyen pistas para poder jugar dobles; solo 
cuando falta espacio se construyen pistas para jugar únicamente par- 
tidos individuales. 


Separación lateral entre pistas: >03 т 

entre pista de juego у límite del сатро: 215m 

separación frontal entre pistas: 2 1,3 т 

franja:de seguridad en los lados: 1,25 т 

franja de seguridad delante y detrás: 2,5 т 

Deportes Situar a los espectadores más allá de las franjas de seguridad. Altura 
Ocio de la sala: 8 m para competiciones internacionales, 6 m por encima de 


los límites posteriores del campo. Altura de la red en los postes: 1,55 т; 
en el centro: 1,525 m; ancho de la red: 76 cm > Ө. Pavimento ligera- 
PABELLONES Línea de servicio corto mente elástico. lluminación: a ser posible exclusivamente a través de 

‚ claraboyas cenitales, sin ventanas laterales para evitar el deslumbra- 


TIVOS miento, > 300 lux. 
Dimensiones 
Disposición, 
construcción Indiaca fuego del volante). Campo de juego 5,5 х 13 09 х 18 т 
Aparatos Altura de la red en los postes 1,7-2 m, en el centro 1,68-1,85 m 
Graderías Campo de juego para individuales: 4,4 x 10 m 
Ejemplos 1,85 
Yudo, lucha 
grecorromana, 
halterofilia, Т, Г 
boxeo, | 
badminton 
Squash, | 
ing-pong, billar | 
Gimnasios de 
mantenimiento | 
Rocódromos 55 | 
Boleras 4 
T L 
DIN 18032 2 l 
EN 12572 | 
1 | 
1 | 
Límite posterior de la pista 4 = 
к; AR аана po сы с 
Ө Pista de badminton Ө Pista de inciaca 
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2 capas de revoco 
'especial, 12.14 mm 

Perfil resistente (50 x 20), 
de color rojo (RAL 30.000) 


Playboard de madera 
o plancha metálica 
pintado de blanco) 


Conducto 
de ventilación 


Rejilla de ventilación 
(resistente impacto pelotas) 
Р; 


'arqué de tablillas de madera 
е о haya (aprox. 50 х 25 ст) 


Dimensiones de una mesa de billar 
y separación mínima entre mesas 


Medidas interiores (superficie juego) | A | 285 x 142: | 230 х 115 220 х 110 | 220х100 | 200 х 100 


PABELLONES POLIDEPORTIVOS 
SQUASH 
Información: Federación Alemana de Squash, Hamburgo 


Sistema usual de construcción para pistas de squash: paredes 
macizas revestidas con revoco especial, piezas prefabricadas de 
hormigón, entramados de madera con placas de revestimiento. 
También existen pistas de squash desmontables. 

Dimensiones en planta: 9,745 x 6,4 m. Altura: 6 m. Cerramiento 
posterior de vidrio para permitir la visión desde fuera. 

Suelo: ligeramente elástico de madera clara (arce o haya). Colo- 
cación de las tablillas de madera en paralelo a las paredes late- 
rales. Es conveniente colocar tablillas machihembradas de 25 mm 
de grosor y dar una capa de sellado; ejecución del entarimado de 
acuerdo con la norma DIN 280, partes 3.0, 4.0 y 5.0. 

Paredes: revoco especial liso y pintado de color blanco. Zócalo en 
la pared anterior de plancha metálica de 2,6 mm de grosor o de 
madera contrachapada revestida con plancha metálica pintada 
de color blanco > Q - Ө. 


PING-PONG 


Información: Federación Alemana de Ping-pong, Fránctort 


Campeonatos solo en locales cerrados 

Superficie de la mesa horizontal, de color verde mate con líneas 
de delimitación blancas: 152,5 x 274 cm 
Altura de la mesa: 76 ст 
Grosor de la mesa: 2 2,5 ст 
Mesas al aire libre “placas de fibrocemento” de 20 mm de grosor. 
Dureza de la mesa, para que una pelota normal que caiga desde 
30 cm rebote unos 23 cm. 

Longitud de la red en el centro del campo 183 cm 
Altura de la red en toda su longitud 15,25 cm 
Campo de juego (delimitado por paramentos de lona de 60 a 
65 cm de altura) > 6 x 12 m, en campeonatos intemacionales 7 x 
14 m; detrás se sitúan los espectadores > Ө. 


BILLAR 
Información: Federación Alemana de Billar 


Situación de las salas: 

En la primera planta o en el sótano, raramente en la planta baja. 
Espacio necesario: según el tamaño de la mesa de billar > Ө - Ө. 
para uso privado, generalmente tamaño IV, V y VI 


para bares y clubes tamaño IV y V 
para salas y academias de billar tamaño |, Пу 11 
Separación entre billares del tipo ! у І >1,7 т 
Separación entre billares del tipo 1 a V > 1,6 т 


a la pared se debe dejar una separación algo mayor. 

En el lado por el que deben pasar los camareros, o situarse los 
espectadores, se debe dejar más espacio; además del necesario 
para sillas, mesas, alimentos y bebidas (— Restaurantes). 
Superficie libre en la pared para soportes de tacos y reglas de 
juego. Medidas exteriores de un soporte para 12 tacos: 150 x 75 cm. 
Iluminación: a ser posible, pequeñas luminarias con una distribu- 
ción homogénea de la luz encima de la mesa. 


Altura usual de las fuentes de luz desde la mesa: 80 cm 


310 x 1675 255 x 140 | 245x135 | 


ma Medidas del local . 
+ 
агі \ 
Armato Soporte Ө Dimensiones usuales de las mesas de billar 
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Deportes 
Ocio 


PABELLONES 
POLIDEPOR- 
TIVOS 


Dimensiones 
Disposición, 
construcción 
Aparatos 
Graderías 
Ejemplos 

Yudo, lucha 
grecorromana, 
halterofilia, boxeo, 
badminton 


Squash, 
ping-pong bilar 


a 


215 


HE 100—4 


L-—— 90 ——, 
Ф Aparato de гето y bicicleta (2) Tabla para abdominales con asa 
estática de tracción y espaldera 
[+] 
жЕ 
__——145-—-———{ 25100 === 


© Aparato universal de ejercicios 


Aptitud o: 
capacidad motora 


Ejercicios 


Fuerza 
Movilidad 


Est. generales Una articulación 


de entrenamiento 


Fuerza 
Velocidad 


Varias 
articulaciones 


Est, especiales 
de entrenamiento 


Fuerza 
Velocidad 
Coordinación 


Levantam. pesas 
(con multipress o 
trapecio isomét.) 


Varias 
articulaciones 


Fuerza 
Coordinación 


Ред. aparatos 
convencionales 


Una y varias 
articulaciones 
Resistencia 
Coordinación 


Varias 
articulaciones 


Aparatos 
especiales de 
entren., así como 
superficie libre 
рага precajent, 
(ej. de gimn., atc.) 


Movilidad 
Coordinación 


Una y varias 
articulaciones 


(5) Ordenación de los aparatos en zonas 


Deportes 
Ocio Ё 


PABELLONES 
POLIDEPOR- 
TIVOS 


Dimensiones 
Disposición, 
construcción 
Aparatos 
Graderías 
Ejemplos 
Yudo, lucha 
grecorromana, 
terofilia, boxeo, 
badminton 
Squash, 
ing-pong, biliar 
Gimnasios de 
nantenimiento 
Rocódromos 
Boleras 


16) Ejemplo de una sola sala de mantenimiento de aprox. 200 m? 
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(4) Aparato de tracciones 


Objetivo del 
entrenamiento 


Mantenimiento 
Puesta a punto 


Mantenimiento 
Puesta a punto 


Puesta a punto 


Mantenimiento 
Mantenimiento 
Puesta a punto 


Mantenimiento 
Puesta a punto 


PABELLONES POLIDEPORTIVOS 
GIMNASIOS DE MANTENIMIENTO 


Información: Instituto Federal Alemán para el Deporte, Bonn 


Listado de aparatos 


1 Patineta de mano 

2 Estación de biceps 

З Estación de tríceps 

4 Máquina pull-over | 

5 Máquina pull-over 11 

6 Máquina /atissimus | 

7 Máquina /atissimus I 

8 Estación de pectorales 

9 Estación de torsales 
10 Estación de caderas | 
11 Estación de caderas 11 
12 Estación de piernas 
13 Estación de pies 
14 Centro de ejercicios universal 


20 Aparato de compresiones | 
23 Aparato de presión en las piemas 
25 (2х) 25 Estación de abdominales 
26 (2x) 26 Aparato de tracciones | 
27 27 Aparato de tracciones і 
33 33 Pesa de suelo-latissimus 
43 (4x) 43 (10x) 43 Pequeño soporte de discos ~“ 
46 (2x) 46 46 Banco de entrenamiento 
50 50 (3х) 50 Pesa de mano 
51 51 (3х) 51 Pesas cortas 
82 52 (5х) 52 Soporte pequeño de pesas“ 
53 53 Barra de pesos de entrenamiento 
56 56 Banco de compresiones 


57 (3x) 57 Banco inclinado | 

58 Banco inclinado Il 

59 Banco айгоипа 

60 Валсо de entrenamiento universal 
61 Pesas compactadas 


62 Soporte de pesas” 


59 
60 


70 70 (4х) 70 Bicicleta estática 


718% 71 х) 71 Aparato де гето 
72 (2х) 72 Cinta para correr 
73 73(2x) 73 (3х) 73 Espalderas 
74 74 (2х) 74 2х) 74 Asa ejercicios tracción 
75 75 75 75 Plancha para abdominales 
78 78 Puching-ball 
тэ @х) 79 (2x) 79 (3х) 79 Extensor-contractor 
80 (2х) 80 (2х) 80 (2х) 80 Cuerda para saltar 
81 (2х) 81 (2х) 81 (3х) 81 Cinta deuser 
82 (2х) 82 (2х) 82 (3х) 82 Pesas de dedos 
83 (2х) 83 2х) 89 (3x) 83 Aparato Ball 
as (2x) 85 (3х) 85 Pesas de agua 
89 89 89 (2x) 89 Armario de aparatos 


* Los aparatos 2 y 3, 4 y 5, así como el 6, 7 10 y 11 se pueden utilizar para dos aplicaciones según 
varios fabricantes 

= En las ilustraciones 2 a 8 se han representado los soportes necesarios para las peses, pesas 
de mano, pesas cortas y compactadas, En el mercado se pueden encontrar con formas muy 
diferentes y, por lo tanto, deberían concordar en cada caso con el número de pesas y discos a 

colocar 


(7) Propuestas de equipamiento para salas de mantenimiento 


Patinete de mano 

Estación de bíceps 
Estación de tríceps 
Máquina pull-over ! 
Máquina pull-over il 
Máquina latissimus | 
Máquina /atissimus 11 
Estación de pectorales 
Estación de torsales 
Estación de caderas | 
Estación de caderas !l 
Estación de piemas 
Estación de pies 

Centro de ejercicios universal 
Aparato de compresiones ! 
Aparato de presión en las ріетаз 
Estación de abdominales 
Aparato de tracciones | 
Aparato de tracciones ll 
Pesa de suelo-/atissimus 
Pequeño soporte de discos 
Banco de entrenamiento 
Espalderas 

Banco inclinado | 

Banco allround Я 
Banco de entrenamiento universal 
Bicicleta estática 

Aparato de remo 

Cinta para correr 
Espaldera 

Asa ejercicios tracción 
Plancha para abdominales 
Armario de aparatos 


®®@®®@@®@®®®®©®@®®@®®®®®@®@®®@6®®@®@0@0®®@0ӨӨ 


л, 


Patinete de mano Flexión y estiramiento manos | 60/ 30 
Estación de biceps Flexión de brazos 135/135 
Estación de tríceps Estiramiento de brazos 135/135 
Máquina pull-over | Levantar los brazos por 

delante del cuerpo 190/110 
Máquina pull-over 11 Bajar los brazos por delante 

del cuerpo 190/110 


Máquina latíssimus | 200/120 


Bajar y subir los brazos al lado 
del cuerpo 

Extender y alargar los brazos 
por delante del cuerpo 

Juntar brazos delante cuerpo 
Estiram. y flexiones torso 
Levantar y bajar las ріетаз 
Extender y encoger las piemas 
Estación de piernas Flexionar y estirar las piemas 
Estación de pies Flexionar y estirar los pies 
Muilticentro de ejercicios | Dif. mov. básicos de ретаз y 
articulaciones 


Máquina /atissimus 11 200/120 


Estación de pectorales 
Estación de torsales 
Estación de caderas | 
Estación de caderas 1 


165/100 
135/125 
175/125 
175/125 
125/155 
140/ 80 
Diversas 


Aparato compresiones | | Estirar horiz. brazos (de pie) 120/140 


Aparato compresiones Il | Estirar brazos en vertical y/o 70/160 
entren. de pantorrillas de pie 

Aparato Hackenschmidt | Estirar las piernas sobre una 90/140 
superficie inclinada 

Aparato de presión en Estirar las ріетаѕ en 120/160 

las ріетаз ` horizontal (sentados) 

Aparato flexiones rodilla | Estirar las piernas en vertical | 200/ 90 

(con disp. para discos) (de pie) 

Estación abdominales Dif. ејегс. abdominales y para | 65/200 
músculos espalda 

Aparato de tracciones ! | Dif. томїт. básicos de una y | 100/140 
varias articulaciones 

Aparato de tracciones II | Flex. y estiram. de brazos 120/155 
verticales (colg. o apoyados) 

Banco compresiones | Estiramientos de brazos en 200/120 
vertical (tumbado) 

Aparato de pesas Compresiones tumbado, 200/100 

(máquina multipress) flexiones de rodilla 
Compresiones de pie y ејегс. 
de tracción р 
(todos con pesas en guías) 

Banco compresiones 11 Compr. banco inclinado 185/100 

(banco incl. pesas largas) | (estando sentado) 

Banco cur! flexiones de brazos 150/ 70 

Banco compresiones IIl Compresiones en banco 160/170 
(espalda inclinada hacia abajo) 

Pesa de suelo-latissimus | Flexiones de brazos, 120/130 
doblándolos delante del torso 

Plataforma con Todos (оз ejercicios libres 

incrustaciones caucho (levantam. con flexión rodillas, 

para levantar pesas arrancada, dos tiermpos) 

Barra de pesas para 


entrenamiento 200 

Gran soporte de discos 50/100 
Pequeño soporte discos 30/ 30 
Contenedor de magnesio 0/ 38 


Soporte para fiexiones 
de rodilla (acolchada) 
Banco de entrenamiento 
Discos macizos caucho 
(10; 15; 20; 25 kg) 

Discos con borde de 
caucho vulcanizado 

(15; 2; 25 kg) 

Discos de fundición (1,25; 
2,50; 5; 10; 25; 50 kg) 


cada uno 
35/70 
40/120 


Pesa de mano 
(1; 2; 3; 4; 5; 6; 8; 10 kg) 


Diferentes ejercicios con 1 
y varias articulaciones, pesas 
de mano, compactas y largas 


Pesas cortas (2,5; 5; 

7,5; etc, - 30 kg 

Soporte pequeño pesas 
Barra pesos entrenam. 
Barra de flexiones de 
rodilla (acolchada) 

Barra cur 

Banco de compresiones 
(regulable) 

Banco inclinado | 

Banco inclinado I! 
Banco allround 

Banco de entrenamiento 
universal (12 posiciones) 
Pesas compac. (2-60 kg) 
Soporte de pesas 


Ф Listado de los aparatos para los ejercicios de mantenimiento y puesta а punto 


, 


PABELLONES POLIDEPORTIVOS 
GIMNASIOS DE MANTENIMIENTO 


Dimensiones de salas para 40-45 personas mín. 200 m? > Ө. Al- 
tura libre para todos los espacios 3 m. Una disposición óptima de 
los aparatos en dos requiere la anchura de salas de gimnasio, por 
principio 6 т. Longitud de las salas < 15 т, si no se tiene una visión 
del conjunto en el entrenamiento. La unidad de espacio mínima de 
40 m? es apta para 12 usuarios. 


Deportes 
Ocio 
(2) Ejemplo de una sala de mantenimiento de 200 т2- 
Resistencia coordinación PABELLONES 
aparatos n* 70 hasta 76 para РОШРЕРОН-» 
flexiones de brazos 
Aparato de remo 120/140 н i 
Cinta para correr 80/190 aaa 
Espaldera 100/ 15 construcción 
Asa para ejercicios 120/120 Aparatos 
de tracción Graderías 
Plancha de abdominales 100/180 Ejemplos 
para colgarse Yudo, lucha 
Aparato para descargar 70/150 grecorromana, 
la columna vertebral halterofilia, boxeo, 
Aparato para medirla | movilidad, coordinación, оеп 
fuerza de salto aparatos n* 77 hasta 88 Squash, 

р ping-pong, billar 
Punching-Ball Gimnasios de 
Extensor-contractor mantenimiento 
Cuerda para saltar Rocódromos 
Cinta deuser Воівгаѕ 


Pesas de dedos 
Aparato Bali 

Pesas esféricas 
Pesas de agua 
Chalecos con pesas 
Bolsas de pesas para 
brazos/piemas 
Espejo 

Armario de aparatos 
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Deportes 
Ocio 


¡BELLONES 
OLIDEPOR- 
TIVOS 


Dimensiones 
Disposición, 
construcción 


Ejemplos 
Yudo, lucha 
acorromana, 
Afilia, boxeo, 

badminton 
Squash, 
-ропд, billar 
iimnasios de 
intenimiento 
ocódromos 
Boleras 


DIN 18032 
EN 12572 


Descripción 


Losas de hormigón en disposición 
compacta con estructuras 
convexas y cóncavas 


Hormigón macizo 


Poliédricas angulosas 
(encofrado) i 


Presas adicionales 


Mailazo (armaduras) recubierto 
con hormigón proyectado 


Hormigón 
proyectado 


Construcción 
de madera 


Los paneles de madera, con o 
sin recubrimiento, atornillados 
directamente sobre un muro 

del edificio o una estructura de 
soporte 


Paneles o volúmenes geométricos 
variados fabricados de PREV se 
atornillan directamente sobre un 
muro del edificio o una estructura 
de soporte 


y encastradas 


Económica 


Superficie que emula la 
naturaleza 


PREV (plástico 
reforzado con 
fibra de vidrio) 


Ф Tipos de rocódromos (01] 


a ЕСЫ ``лы 


== 


Y 


12) Rocódromo Magic Montain, Berlín, sección 


{ 
Е 
Ч 
5 
A 
1 


у 
2 SAS es 


© Rocódromo Magić. Montain, Berlín, planta baja 
И Агдѕ.: Gantz Weber Architekten 
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PABELLONES POLIDEPORTIVOS 
ROCÓDROMOs 


Los rocódromos son instalaciones para practicar escalada durante 
todo el año, independientemente de las condiciones atmosféricas, 
Las dimensiones y la forma de la nave dependen del concepto que 
tenga la empresa y del solar (hasta 2.500 m? de superficie Cubierta), 
Resulta razonable la disposición vertical de las funciones de ѕегуј- 
cio para poder utilizar una gran proporción de la planta para la zona 
de escalada. El vestíbulo.con recepción y caja puede completarse 
con una cafetería y una tienda de equipos de escalada. 

El equipamiento sanitario es análogo al de los gimnasios, y pueden 
añadirse servicios como baño turco/sauna con zona de descanso 
y una posible ampliación de zona de gimnasia. 

Debe aspirarse a conseguir una gran proporción de iluminación 
natural (con lucernarios), utilizar iluminación artificial solo de modo 
indirecto para evitar deslumbramientos (para primeros y segundos 
de cordada). Los rocódromos tienen que pasar una revisión perió- 
dica por un perito y según las recomendaciones del fabricante. 
Tipos de rocódromos: 

1. La pared búlder 

Para escalar sin seguros, a una altura que pueda salvarse de un 
salto. Los escaladores se mueven lateralmente (“travesía“) o “blocan* 
(escalan) vías cortas en ascenso. Puede escalarse sin supervisión, 
Delante de la pared debe haber una zona compuesta de mantillo 
de corteza o colchonetas para atenuar los saltos. 

2. La pared toprope o piñata 

Requiere asegurarse con cuerda debido a la gran altura. Los esca- 
ladores suben principalmente en ascensión y son descolgados des- 
de la cima de la pared por el segundo de cordada o destrepan ellos 
mismos. En este tipo de pared también se puede “blocar” en la zona 
del arranque, tiene que protegerse contra escalada incontrolada. 
Hasta una altura de 2,5 m no debe alcanzarse ninguna presa. Si la 
pared toprope o piñata se encuentra en un pabellón deportivo, debe 
cumplir las reglamentaciones para las actividades deportivas en 
polideportivos (p. ej., protección contra golpes, DIN 18032, parte 1). 
Los rocódromos suelen inspirarse en rocas naturales y su colorido 
es variable, a menudo adaptado a la identidad corporativa. La al- 
tura de las rocas en el ámbito de la escalada deportiva es de hasta 
18 m, excepcionalmente hasta 30 m. La ejecución de los rocódro- 
mos se lleva a cabo por empresas especializadas y se comerciali- 
zan sistemas modulares o diseños más libres. 

La estructura (acero o madera) autoportante o unida a la construc- 
ción de la nave, revestimiento de materiales diferentes > @. En 
estos tipos de rocódromos pueden atornillarse diferentes presas y 
regletas. Las presas se hacen de una mezcla de resina sintética 
con arena de cuarzo espolvoreada y se anclan con tornillos de 
cabeza cilíndrica M 10 en la pared. 

Las formas abarcan desde un diámetro de 3 cm hasta el tamaño 
de una caja de cervezas. Las vías pueden marcarse con diferentes 
colores, así como las presas. La combinación de varios colores en 
una vía facilita numerosos itinerarios en la misma zona de la pared. 
Dependiendo del grupo de usuarios, debería variarse el número de 
presas por metro cuadrado. 

Debe aspirarse a tener zonas diferentes para principiantes y depor- 
tistas avanzados, y zonas para niños separadas. 


a tener en cuenta: DIN 18032, 
parte 1: pabellones polideportivos: 
Fundamentos para el proyecto y 
la ejecución 


EN 12572 Estructuras artificiales 
de escalada - Puntos de protec- 
ción, requisitos de estabilidad y 
métodos de ensayo 


e A ss е 


МИХА 


Retícula de presas al tresbolillo 
(o en cuadrado) [01] 


Niños, 
jóvenes Principiantes normal 


| e0 | 4s [35] 


(5) Número de presas/m? según grupo de usuarios [01] 


Adultos Equipamiento 


Presas/m? 


Retorno de bolas PABELLONES POLIDEPORTIVOS 
BOLERAS 
Información: Asociación Alemana de Boleras, Berlín 


кал 


—— 55 ——— А ás 
к—— 195 -——————— аз ———y Las boleras están formadas por las siguientes zonas: 


0 Ejecución con bandas 1) Zona de impulsión, desde la que se lanza la bola tras unos 


pocos pasos. 

2) Pista de rodadura, por la que avanza la bola. 

3) Plataforma de bolos, en la que se recogen los bolos derribados 
y las bolas. 


Retomo de bolas 


— 17 — 


Las pistas de asfalto constituyen un tipo especial y plantean re- 
[2] Ejecución con canales laterales ` Quisitos especiales a los jugadores. La pista está formada por una 


A н 18 +Q0mm superficie de asfalto o material sintético de 19,5 m de longitud y ` 
OS O = si pami 1,5 m de anchura {cuando están limitadas lateralmente por bandas) 
iT Q Ti тү ела о 1,34 т de anchura (cuando están limitadas lateralmente por са- 
j£ ате spj nales de recogida) > © - Ө. 
| + í {5 [OF | Las pistas de tablas de madera también se construyen actual- 
|8 | чү Da mente con materiales sintéticos -> 6). La particularidad de estas 
| А а | Я pistas es que tienen un desnivel de 10 cm entre el final de ta zona 
| 025А охо, 0.25 A | 220 тт de impulsión y el primer bolo. La pista tiene una longitud de 23,5 гп, 
: | una anchura de 0,35 т y está ligeramente acanalada. 
Perfil |; de delimitación 
| 3 par Н A 1688: . | йыр Las pistas de tijera se pueden construir también en madera o 
i pame, иен materiales sintéticos > Ө. La pista de rodadura se ensancha 1,25 m 
pista da focadura Ж desde los 9,5 m hasta el centro de la plataforma de bolos. 
© үн аси Ө diterentes formas del canat lateral. Pista de bowling — Ф. Zona de impulsión de parqué pulido en 


toda su anchura (104,1-106,5 cm). Pista de rodadura de parqué 

pulido o lacado. Bolas de 21,8 cm de diámetro, 7.257 g de peso 
== Es máximo y tres agujeros para los dedos. 
En las pistas de asfalto y de tijeras se emplean bolas de 16 cm de 
diámetro y de 2.800 a 2.900 g de peso. En las pistas de tablas de 
madera se emplean bolas de 16,5 cm de diámetro y de 3.050 a 
3.150 g de peso. Las bolas se fabrican con materia! sintético. Bolos 
14 de madera muy dura (carpe) o de material sintético. Pin también de 
а madera (recubierto con material sintético) о de material sintético. 

Tamaño normalizado. 


Retorno de bolas 


| 
і 
і 
і 
| 
| 
l 
0,35 
| 
l 
| 
i 
35 
H 
| 1,45 4 


2% mo o E 
la superficie de la pista tiene una 
pendiente constante desde Q hasta S 


>= Dimensiones de la pista 


10-40 
H Pendiente de la colchoneta de 5° hasta 20" 


poder 


[5] Pista de tablones 


32 
a 
Retomo de bolas 3 
тоң 
Deportes 
о 
A E A Ocio 
1 (Т) Posición de los bolos; 
(2) Esclusa; 
(3) Foso recogida ба bolas; (7) Tabla final; 
(2) Plataforma de bolos; (8) Colchoneta final PABELLONES 
18 ——————{——- 55 ——1- 
fa superficie de la pista tiene una а А POLIDEPOR- 
= constan Р ad Construcción usual 
Е : pendante consta ат ЕБР ө Sección > Ө © de la plataforma de bolos TUYOS 
5 o Dimensiones 
2 Disposición, 
construcción 
Aparatos 
Graderías 
Ejemplos 
Yudo, lucha 
grecorromana, 
halterofilia, boxeo. 
badminton 
Squash, 
ping-pong, billar 
Gimnasios de 
mantenimiento 
Rocódromos 
Boleras 


1 Sala del club e 4 Guardarropa 7 Duchas y lavamanos 
2 Ви, barra 5 Aseos, público 8 Botiquín 
3 Mantenimiento de pistas 6 Aseos, deportistas 9 Gimnasio 

10 Almacén aparatos 


i (7) Ejemplo de una bolera Ф Pista doble de bowling 
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Deportes 


Ocio 


PARQUES 
ACUÁTICOS 


Piscinas 
cubiertas 
públicas 
Piscinas al aire 
libre públicas 
Piscinas 
cubiertas y 

al aire libre 
Ascina cubierta 
privada 


Ordenanza 
gional alemana 
sobre la 
edificación 


PARQUES ACUÁTICOS 
PISCINAS CUBIERTAS PÚBLICAS 


El tamaño del pabellón de una piscina cubierta depende del tama. 
ño de la lámina de agua (o de las dimensiones de los vasos y fosos 
de saltos), las playas o andenes para la circulación, las posibles 
instalaciones adicionales y las alturas necesarias de los espacios, 
Superficie del solar (sin aparcamiento): 

Para piscinas cubiertas: 6-8 m? por cada m? de superficie de agua; 
en las grandes piscinas se aplica un coeficiente menor. Para super. 
ficies al aire libre (terrazas, solario, césped para tumbarse) se debe 
contar con un suplemento del 10-20 % de la superficie calculada, 
Superficies para estacionamiento: 

Una plaza para automóvil por cada 5-10 taquillas en piscina cubier. 
ta. Una plaza para bicicletas por cada cinco taquillas en piscina 
cubierta. Con graderías: una plaza adicional para automóviles por 
cada 10-15 plazas para espectadores. Con restauración: una plaza 
adicional para automóviles por cada 4-8 asientos. 

La superficie total de la lámina de agua sirve de valor fundamen- 
tal para el cálculo del programa de espacios de servicio. Para 
piscinas de recreo deben añadirse las funciones adicionales según 
las superficies de las láminas de agua. 

Atrio ante la entrada: mín. 0,2 m2/m2 de superficie de lámina de 
agua. ` 
Vestíbulo: superficie en planta 0,15-0,25 m2/m2? de superficie de 
lámina de agua, dependiendo de la dimensión de la piscina y su 
orientación recreativa. Además se suman 5 m? cortavientos, 5 m2 
zona de cajas o mostrador o instalación de cajas automáticas, 1,2 т 


(arrest [Barres 4 pa 
cuarto de limpieza y aseos (un asiento para mujeres y hombres 
|> Gradas espectadores respectivamente). 


Los terrenos planos o con una pendiente de 15° como máximo 

9 permiten construir piscinas cubiertas a un solo nivel, que es un 

С] Р > requisito para la realización de ип proyecto óptimo, tanto desde el 
Zona de Programa ` Acceso Ev. acceso punto de vista económico como funcional. Los terrenos con una 
ampliación minima directo necio pendiente mayor suelen implicar un coste mayor de las obras e 


11) Piscina cubiertas. Esquema de relaciones entre los espacios inconvenientes funcionales. 


Superficie de la Tipos [Ejemploi______ | 1 [Ejempo2 |] [Ejempo3 _ |Trampolines 
A TERE Жыры mom DENA PS mo DORN PAARA 
x 15 


hasta 450 10 х 25 250 10 х 25 250 12,5 х 25 313 1T+3T 
VEN 8 х 12,5 100 8 х 12,5 125 8 х 12,5 100 
УС аргох. 20 20 аргох. 20 20 aprox. 20 20 
] 313 


hasta 600 VP 12,5 x25 12,5 x 25 313 En VP: 
11+37 
01T+3T+1P 


8 x 16,66 8х 12,5 +3P+5P 


10,6 x 12,5 En FS: 
1T+1 P comb. 


aprox. 25 aprox. 25 +3 T +3 Р comb. 
+5P 


En VP y FS: 
17+ 1Р comb. 


+3 T + 3 Р comb, 
+5P 
0o:1T+3T 


aprox. 30 +1P+3P+5P 
16,66 x 25 16,66 x 25 En VP y FS: 
8 x 16,66 8 x 16,66 2x1T1,2x3T 
12,5 х 11,75 16,9 х 11,75 1P+3P+5P 


aprox. 35 aprox. 35 o: 
1T+3T+1P 
+3P+ 


Superficies del solar sin 
superficies para estacionamiento 
E 


HG 2.500 


entre aprox. 3.000 y 3.500 


3.500 hasta 4.000 


12,5 х 25 16,66 х 25 
8 x 16,66 133 8 x 16,66 
10,6 x 12,5 12,5 х 11,75 


4.000 hasta 4.500 


aprox. 5.000 


Observaciones: 
1) Abreviaturas: VC = vaso бе сһароѓео; УММ = vaso de recreo no nadadores; VP = vaso polivalente; FS = foso de saltos 
Nota: En casos especiales se puede prever un vaso de natación (VN) en lugar de un vaso polivalente (VP) 

2) Abreviaturas: Т = trampolín; Р = plataforma o base; 1 hasta 10 = altura de salto (т) 

3) Dimensiones de solar recomendadas 

4) Dimensiones considerando medidas singulares relevantes para la seguridad 

Dimensiones vaso = anchura vaso (lado de las instalaciones para saltos) x largo del vaso en sentido del salto 


(2) Ejemplos de proyecto para piscinas cubiertas (división de las láminas de agua para nadadores y no nadadores, aprox. 2:1) 
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Б1з _————— 812 E. PARQUES ACUÁTICOS 
| PISCINAS CUBIERTAS PÚBLICAS 


Zona de vestuarios 

Tal Las dimensiones de la zona de vestuarios se determinan según los 
a metros cuadrados de la lámina de agua. Valores orientativos par- 
+ tiendo de una duración de baño de aprox. 1,5 h: 
ч { Cabinas Número de plazas de guardarropa: 0,3-0,4 m2 de superficie de lá- 

ы 8 нт тіпа de agua. 

км 3 personas con Número de plazas de vestuario: 0,08-0,1 m2 de superficie de lámi- 

& 8 discapacidad да de agua. 40-50 % en forma de cabinas, el resto en bancos en 
E Б salas colectivas. Proporción plaza vestuario/taquilla 1:4. 
a El Cabinas para familias o personas con discapacidad: 10 % de 
Í E ‚ las cabinas para el cambio de ropa, 

“e о Número de vestuarios colectivos: mín. dos; por vestuario colec- 


tivo, mín. 30 taquillas. 

Dimensiones 

Para las instalaciones de vestuarios están en vigor las siguientes 
medidas mínimas: 

Cabina vestuario: distancia entre ejes 1 m de anchura, 1,25 m 
de fondo, 2 m de altura. 

Cabina familiar: medida interior 1,6 m de anchura, 1,25 m de fon- 
do, 2 m de altura. 

Cabina vestuario para personas con discapacidad: medida in- 
terior 2,45 m de anchura, 1,5 m de fondo, 2 m de altura, anchura 
de paso libre de la puerta 0,94 т > Ө + Ө. 

Taquillas > Ө 0,25 o 0,33 m de anchura (distancia entre ejes), 0,5 m 
Ө vestuarios colectivos sin banco de fondo (medida libre), 1,8 m de altura para taquillas individuales o 
0,9 m de altura para taquillas con dos compartimentos. 

Las taquillas para discapacitados tienen 0,4 m de anchura y deben 
ser individuales para guardar en ellas, p. ej., muletas o andadores. 
Bancos para vestuarios: de 0,2-0,25 m de fondo de asiento, para 
discapacitados 0,4 m de fondo de asiento, 0,45 m de altura. Mín. 
7,5 т de largo en vestuarios colectivos (uso escolar, mín. 10 т). · 
Número de objetos sanitarios por unidad de valor orientativo: 
0,03 plazas para peinarse equipadas con secadores, 0,015 pedilu- 
vios para desinfección de pies, 0,015 lavadero escurridor, cuarto 
para detergentes, 1-2 m2 en zona de vestuarios. Altura libre 2,5 m. 


+ 1,5  _—_MMH—=8 MN »%d5MA 


нн Pediluvios desinfectantes (superficie de acción): 0,75 т de ап- 
A гар аА ӨГ 


chura, 0,5 т de fondo. 


Espejo 
reversible 


1244 
2 0,5 


Deportes 
Ocio 
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PARQUES 
Toallero ACUÁTICOS 
Piscinas 
cubiertas 
públicas 
Piscinas al aire 
Vestidor para personas en silla ө, públicas 
de ruedas sin taquillas co 

al aire libre 
Piscina cubierta 
Armario en forma deZ privada 


Vestidor para personas en silta 
de ruedas con taquillas 


© ho. 8 y 
H12+12 
o5 02 


Vestuarios colectivos con banco 16) 


Ordenanza 
regional alemana 
sobre іа 
edificación 


5 HF 


0,5 0,5 1 
0,25 


1,5 
0, 


1,254 1,2545 1 - 1,25} 1,25 
Circulación pies sucios 


pos 
0,25 


(5) Zona de vestuarios, forma mixta (8) Armarios guardarropa. Diferentes posibilidades 
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Deportes 
Ocio 


PARQUES 
ACUÁTICOS 


Piscinas 
cubiertas 
públicas 
iscinas al aire 
libre públicas 
Piscinas 
cubiertas y 

al aire libre 
зсіпа cubierta 
privada 


80-4 Y гопа de vestuarios 


Y Р 
Aseo i 
> 
Mujeres 
4 


95-954 


4 


Hombres 
> 


hay Y 


Zona de piscinas 


(1) Unidad sanitaria (ejemplos) 


Zona de piscinas 


O) Unidad sanitaria (salida de duchas divisible) 


Zona de vestuarios 


| Zona de piscinas | 


Recorrido de ida Recorrido de vuelta 


е Unidad sanitaria (mujeres) 


Y 


Zona de vestuarios 


Cuarto de limpieza 


Zona de piscinas | 


MA Y 


Recorrido de ida Recorrido de vuelta 


©) unicas sanitaria (nombres) 


Revestimiento 
cerámico hasta techo 
Impermeabilización 
hasta el techo 
Y” x 
2 / 
е5 ( SÉ 
о 5 - 
g AgS \ 
e  ба® 
: 5 892 
НІ 3 = сЕ 


Desagúe 70 ОМ 
180—2 110 —--80—4 


\ 


Cabina sanitaria para personas 


[5] Zona de ducha (esquema) -> €) con discapacidad 
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(con protección visual y contra salpicaduras) 


PARQUES ACUÁTICOS 
PISCINAS CUBIERTAS PÚBLICAS 


La zona de sanitarios abarca las salas de duchas y los lavabos 
separados por sexos; debe estar situada entre la zona de vestuarios 
y la zona de piscinas. Es conveniente disponer la zona de aseos de 
manera que los usuarios, después de utilizarlos, tengan que volver 
a cruzar la sala de duchas antes de acceder a la zona de piscinas 
~ 0) - Ө. No están permitidos los aseos con acceso directo des- 
de la piscina. Es recomendable el acceso directo a los vestuarios 
después de la estancia en la piscina. 


Dimensiones de la zona sanitaria: equipamiento básico mín., una 
sala de duchas respectivamente para mujeres y hombres con mín, 
10 duchas (válido para superficies de lámina de agua de hasta 500 тё), 
Además se ha de planificar otra ducha más por cada 25 a 50 тг 
adicionales de superficie de lámina de agua. 

En piscinas cubiertas escolares con hasta 150 m? de superficie de 
lámina de agua basta una sala de duchas divisible con cinco duchas 
respectivamente para mujeres y hombres -> Ө. 


Aseos: en el lavabo de mujeres se colocan dos inodoros y en el de 
hombres un inodoro y dos urinarios — @. 


Medidas de las superficies de movimiento en baños y duchas: 
Ducha sin tabique de separación: 0,8 m anchura 


(hilera abierta) 0,8 m prof, 

Ducha con tabique de separación: 0,95 m anchura 

(duchas en hilera con protección salpicaduras) 0,8 m prof. 
1,45 m altura 


0,8 m anchura 
0,95 m anchura 


Ducha con tabique separación en forma doble T: 


1,4 m prof, 

1,45 m altura 
Anchura de paso entre dos hileras de duchas: 1,1m 
Inodoro con puerta: | f 0,9 m anchura 
(abertura hacia dentro) 1,4 m prof. 

2 m altura 
Inodoro con puerta: 0,9 m anchura 
{abertura hacia fuera): 1,2 m prof. 

2 m altura 
Urinario, medida entre ejes: 0,65 m 
Profundidad: 0,4 m 
Altura de montaje: aprox. 0,7 m 
Altura de montaje para niños: aprox. 0,5 m 
Lavamanos (medidas entre ejes): aprox. 0,7 m 
Profundidad: aprox. 0,6 m 
Altura montaje aprox. 0,8 m 
Atura libre mínima 2,5 т 
Altura recomendada 2,75 т 


80 
i 
1 
95 
95 


80 
95 


PE OOIE: A A NAI 
95 , 95 
Hltera de duchas con particiones 


Hilera abierta de duchas 
80 , 80 
95 


Duchas de dos en dos con particiones 


17) Disposición de duchas y separaciones 


PARQUES ACUÁTICOS 
PISCINAS CUBIERTAS PÚBLICAS 


$, 


Nivei del agua 


(7) Punto В -> Ө (rebosadero 


(6) Variante: punto A con escaleras finlandés) 


tipo Zúrich 


tipo fintandés 


Ejemplos de rebosaderos 


Zona de instalaciones 


canso. 
Aseos, mín. 1 inodoro mujeres, y 1 inodoro y 1 urinario hombres. 


Superficie total destinada a instalaciones (sin contenedor de agua rebosada, almacenes, 
estación transformadora y estación transmisora de gas) hasta 1 m? por cada т? de sup. 
de agua prevista; en las grandes piscinas cubiertas se puede reducir hasta un 30 %. 


tipo Wiesbaden 
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Tipos de piscinas y dimensiones 
Piscina Anchura Longitud Profundidad agua Sala: mín. 
(m) (m) Observaciones altura libre 
Piscina de chapoteo  hasta15 25m? 0-0,4/0,6 2,5 
Piscina no 8 12,5 0,6/0,8 hasta máx. 
nadadores —* 10 16,66 1,35 т 3,2 т 
Piscina polivalente 8 25 para suelos de altura regulable: 
-0 10 50, 0,3-1,8 m 
12 25 en la zona para nadadores: 
16,66 25/50 1,8 т 4m 
21 en zona de saltos: 
25 profundidad mín. 3,8 + 5,5 (5) m 
Piscina de natación 16,66 25/50 4m 
21 50 тіп. 1,80 т 
25 50 
Piscina 12,5 mín. profundidad extremo inicial: 
de oleaje — €) 16,66 33 O m (si exista 
21 peldaño 0,3 m máx.) 4m 
hasta profundidad extremo final: 
25 según uso piscina y 
manera producir olas 
Anchura circulaciones - Superficies perimetrales uniformes Anchura 
Superficie де! agua (m) 
En fa zona de acceso principal a la sala de la piscina: 3 
En zona acceso principal entre escalera piscina y pared sala 2,5 
En la zona de las bases de salida 3 
En la zona de trampolines 4,5 
(detrás de trampolines de 1 m, paso libre de al menos 1,25 m de anchura) 
En la zona de acceso a la piscina de chapoteo: * 2 
Piscina para no nadadores, lado de la escalera 2,5 
Piscina para no nadadores, lado estrecho 2 
Entre la piscina de natación, saltos o polivalente y la piscina рага 
по nadadores o la zona para no nadadores de una piscina polivalente 4 
Suelo intermedio Entre la piscina de natación o la zona para nadadores de una piscina 
de altura regulable polivalente y la piscina de saltos 3 
12) Piscina polivalente de 25 m | Resto de anchuras para una superficie de agua menor a 300 m? mín. 1,25 
mayor а 300 m?. mín. 1,5 
1/3 longitud piscina A m Altura de ta sala por encima de! bordillo perimetral 2,5 
Кшз кое” еы із Cuarto monitores superficie mínima 6 m? 2,5 
я рые. -=-"T<18 mi Enfermería superficie mínima 8 m? 2,5 
p*ore Almacén de aparatos hasta 450 m? de superficie de agua, al menos 15 m? 2,5 
| | más de 450 m? de superficie de agua, al menos 20 m? 2,5 
tai sala de descanso parà los competidores 2,5 
191 6 calles de natación = 30 mê; 8 = 50 m?, 10 = 70 m? 
288! ES | sala de enseñanza y reuniones entre 30 y 60 m? 2,5 
So Sy Е! Instalaciones para Gradas: 0,5 plazas sentadas por cada m? de superficie de agua 
po н | los espectadores destinada a uso deportivo. 
ге Espacio necesario: para una plaza sentada 0,5 mê, incluida la 
! Е 1 superficie de circulación más cercana. 
15! Guardarropa para espectadores, espacio necesario 0,025 тё 
Gad- Ti por cada m? de superficie de agua destinada a uso deportivo. 
© Piscina con oleaje a a qu Aseos para espectadores. Los aseos en el vestíbulo de entrada 
o 11 (mujeres, 1 inodoro; hombres, 1 inodoro, 1 urinario) son sufi- Deportes 
“~ai cientes para 200 espectadores. Para pabellones mayores se Ти 
Generador de olas Punto A necesita 1 aseo más por cada 100 espectadores adicionales. 
Respetar la proporción (mujeres, 2 inodoros; hombres, 1 inodo- 
ro y 2 urinarios). 
PARQUES 
Puestos de trabajo Buena visibilidad de la salida y de la meta (posición elevada); se ACUÁTICOS 
para la prensa necesitan entre 5 y 20 plazas y 0,75 x 1,2 m para cada plaza. 
о М? н Р рага la televisión Se necesitan.entre 4 y 6 plazas y 1,2 х 50 т para cada plaza. Piscinas 
Sección de una piscina con oleaje cubiertas 
Zona servicios Espacio necesario por expendedor automático. 0,5-0,8 m?, públicas 
(caf./restaurante) Zona clientes, al menos 50 asientos, entre 1 y 2 m? por asiento. Piscinas al aire 
Zona de suministro y salas auxiliares (adicionales) en las cafe- ірге públicas 
terías, aprox. el 60 % de la zona de clientes, en los restaurantes Piscinas 
aprox. el 100 %, de esta superficie entre el 20 y el 25 % se cubiertas y 
(5) Өзен de ina Беа Беа а jodi destina a almacén y cámaras frigoríficas; entre el 15yel20% a ataire libre 
plena:combinacaipera nadary;con:oleaje despensa y el resto a cocina, antecocina, oficina y sala de des- dle cubierta 


1-т в 
3-mB 
3ImP 
5-т Р 
itmP 
3-m В 
1-т В 


; Д 
2 


2,5 +1,9 +1,95:+2,05-+-2,15+1,95 +1,9 4-2,5 ~ 


0, 05 15. 06 05 05 
250695 p, | 
ӨКК Т тоо а Чис 


y 


Tamaño de la piscina: 

mínimo: 11,75 x 16,9 m 
recomendado: 12,50 х 16,9 т 
Escaleras piscina: а 11,75 m en el 
lado opuesto al de salto; a 12,5 т 
en el lado de salto 

Prof. agua: mín.: 3,8 m 
recomendada: 4 m 


12,5 
11,75 
10,25 


A 16,9 - 
ө Instalación saltos de 1 а 5 т de altura (completa) В = trampolín; Р = plataforma 


т 
05 1,5 
ki 1 2 1,4 
Tamaño de ta piscina: 
medidas mínimas: 22,4 x 16,66 m 
© о25 х 15 т 


w Profundidad del agua: 
medida mínima: 4,5 т 
medida recomendada: 5m 


Instalación para saltos de 1 a 10 т de altura (completa) В = trampolín; 
P = plataforma 
F 


Medidas para Largo/ Trampolín ¡Trampolín |Plataforma |Ptataforma |Plataforma |Plataforma |Plataforma 
Р instalaciones de saltos | ancho alturatm |айша3т |айша1т jaltura3m laltura5m [altura 7,5 m |altura 10 т 
Deportes ГИЈА С-7,5-1!_С-10/3 4,8/0,5 4,8/0,5 4,5/0,6 4,55/0,6__ 14,5/0,6 4,5/0,6 4,5/0,6 
== Lon С. atrás borde piscina mínima 
5 т Е Е рушы 1 А-А | Desde plomada hacia |Месіаа 1.25 1,25 1,25 
Зей зл, га E plataforma atrás а mínima 
PARQUES mEt | Н ' l 8-3 plomada directamente 
ACUÁTICOS рт debaj - 
Piscinas borde lateral piscina___ | mínima 
públicas plomada adyacente mínima 2,45 bien 2,65 
Piscinas al aire > Desde plomada a Medida 10,25 11 
libre públicas pared frontal piscina | minima 
Piscinas | En plomada desde Medida 3 
рі tabla a techo mínima 
Piscina cubierta Е G vicio 2,79 
=-= 
privada plomada 


PARQUES ACUÁTICOS 
PISCINAS CUBIERTAS PÚBLICAS 


Las instalaciones de saltos sirven a deportistas escolares y de com- 
petición. Las plataformas son puestos rígidos para saltar desde 1, 3, 5 
y 10 m de altura. Los trampolines son puestos elásticos para saltar 
desde 1 y 3 m de altura. La altura de los puestos para saltar se mide 
desde el nivel superior del agua. Los trampolines pueden ser de aluminio, 
madera o material sintético. El acceso al trampolín o a la plataforma se 
realiza mediante escaleras empinadas. Todas las instalaciones necesa- 
rias para los saltos se sitúan en uno de los lados de la piscina > Q) - 6. 
Temperatura del agua: entre 24 y 28 °С. Para distinguir bien la super- 
ficie de agua es conveniente prever un equipo que produzca pequeñas 
“ondulaciones” en el agua o “inyectores de agua pulverizada”. 


O Línea de portería e 6 
- blanca r 
O Linea de 2 m- е 
гоја Ф'® O d 
O Línea de 4 m - ра 


amarilla 
O Línea de medio 
campo - blanca 
© Portería de water- 
polo 
O Límite del campo 
de juego 


© 


20 
ооа ооо me ¡Semi 


Tee Tao Tee 


e 
е 


7 
H 
0,94 


| 


y 


| 


Variante: al menos 70 cm en las porterías 
suspendidas de piscina de 25 m 


O Portería waterpolo, según DIN 7936 (7) Portería waterpolo, según DIN 7936 


uE Profundidad del agua 3,4 
en plomada mínima 
Distancia al frente de | Medida 

plomada mínima 


A ы 
Medida 2,75 2,75 2,75 2,75 
mínima 
Espacio en el cual Medida 
se ha de guardar la mínima 
distancia *“Е* hacia de- 
lante desde plomada 
э Ei DA 
codi ый. д не 


Ө Distancias de seguridad instalaciones de saltos — @—@ 


O sección longitudinal 
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Acogida 


Zona entrada a cubierto 
(junto a piscina) Е 
Гы шеш. 34 | 
[боз } 
q 
[Salas de descanso JE 
Pres == 
Suena de ао ___1— 
Inst. deportivas y recreo <] 
a 
Zona de piscinas 
Observación: 


» Acceso directo La representación gráfica solo repro- 
duce las relaciones internas. 
No puede predeterminarse el acceso 


a cada una de las salas 
11) Esquema de relaciones entre los diferentes espacios 


[> Ev. acceso directo 


2231411527157 


Ю$а,5 -1,25-41,25--1,5 -C055 41,261,254 


(2) Unidad de guardarropa (esquema) 


2 41,2541,2541,5 +1,2541,2541,5 41,2541,251 


К— 2 + 1,5 + 15 41,2 


0,50,5 0,5 0,5 0,50,5 0,50,5 0,5 0,5 
1,2 H 1,5 HHE 1154 4H 1,5 44H 1,5 -HHA 


13] Unidad de guardarropa (esquema) 


000 


© Ducha de agua 
fría con pro- 
tección contra 


Vestíbulo Duchas 
inodoros Vestíbulo Duchas 


inodoros 


Mujeres Нот 
Unidad sanitaria para 1.000 т? 
de superficie de agua 


А Mujeres Hombres 


Unidad sanitaria para 2.000 m? 
de superficie de agua (esquema) 


PARQUES ACUÁTICOS 
PISCINAS AL AIRE LIBRE PÚBLICAS 


Superficie solar: 10-16 m? de la superficie de la lámina de agua pro- 
yectada. 

Superficies para estacionamiento: un automóvil y dos plazas para 
bicicletas por cada 200-300 m? de superficie de solar. 

Vestíbulo: 150 m? por cada 1.000 m? de superficie de lámina de agua, 
50 rr? por cada 1.000 m? de superficie de lámina de agua para zonas de 
entrada cubiertas, incluidas cajas e instalaciones de control de acceso. 
Vestuarios: plazas para cambiarse de ropa en cabinas: 0,01 por m? de 
superficie de lámina de agua, por cada 1.000 m? de superficie de lámina 
de agua mín. 10 plazas comprendiendo: ocho plazas en cabinas ves- 


tuario incluidas dos cabinas para familias y personas con discapacidad 


y dos protegidas de vistas en el prado para tomar el sol. 

Plazas en vestuarios colectivos: según necesidad, mín. dos vestuarios 
colectivos con cada uno 10 m de banco. 

Taquillas y casilleros: 0,1 por cada m? de superficie de lámina de agua, 
por cada 100 taquillas, 20 casilleros para objetos de valor. 

Zona de instalaciones sanitarias: zona padres/niños: 15-25 m2. 
Duchas: por cada 1.000 m? de superficie de lámina de agua tres duchas 
de agua caliente para mujeres y para hombres (según necesidad, puede 
preverse una ducha de agua fría adicional). 

Aseos: por cada 1.000 m? de superficie de lámina de agua, cuatro re- 
tretes para mujeres, dos para hombres y cuatro urinarios, antesalas con 
lavabos. | 

Pediluvios desinfectantes: según las exigencias de las autoridades 
locales, =" 

Pediluvios y puestos para escurrir prendas mojadas (combinados): 
cuatro grifos por cada 1.000 m? de superficie de lámina de agua. 
Cubiertas para la protección contra la intemperie: por cada 1.000 тг 
de lámina de agua 100 m? de superficie cubierta. 

Espacio de calentamiento y espera: por cada 1.000 unidades de 
valor orientativo 30-70 тг, mín. 50 тг. 

Locales para personal: hasta 1.500 m? de superficie lámina de agua: 
hasta 10 m?, sobre 1.500 m? de superficie de lámina de agua: hasta 
30 m?. 

Local socorrista: aprox. 10 m2. 

Enfermería primeros auxilios: aprox. 8 m?, en combinación con el 
local del socorrista: aprox. 14 т. 

Almacén y trastero para aparatos: hasta 1.000 m? de superficie de 
lámina de agua mín. 30 m? (recomendado: 50 тг), más de 1.000 m2 
de superficie de lámina de agua mín. 50 m? (recomendado 80 m3. 
Zona de vasos 

Vasos de chapoteo: superficie de lámina de agua de 80 hasta 200 m2, 
Profundidad de agua: 0-0,6 m, se ha de procurar distribución en varios 
vasos con diferentes profundidades. 

Vasos de no nadadores o aprendizaje: superficie lámina de agua: de 
600 a 1.500 m?, profundidad de agua: de 0,5/0,6 hasta 1,35 m, según el 
casó, distribución en varios vasos de diferentes profundidades. 

Vasos natación: superficie de lámina de agua: de 313 hasta 1.050 m?, 
profundidad de agua: > 1,8 m, dimensiones del vaso según el número 
de calles, 


Calles Anchura del vaso Longitud del vaso 
5 12,5 т 25m 
6 16,66 m 25 т 
6 16,66 т 50 т 
8 21 т 50 т 
10 25 т 50 т 


Vasos con oleaje: anchuras de vaso: 12,5, 16,66, 21, 25 т. Longitud 
del vaso: 50 m, mín. 33 m, profundidad inicial: O m, profundidad final: 
según uso de la piscina y tipo del generador de olas artificiales. 
Playas: anchura mínima 2,5 m. En la zona de los accesos y en el lado 
de las plataformas de salidas, 3 m, en el área de las escaleras de acce- 
so al vaso a la piscina de no nadadores y detrás de toboganes acuáticos 
3 т, en el área de las instalaciones de saltos 5 т. 

Superficies exteriores: aprox. 60 % de superficie solar, distribuido 
entre superficies para tomar el sol, campos de juego y zonas de juego 
infantil. Ri 

Proporción superficies para tomar el sol: superficies para juego = 2:1 a 
3:1. . 

Superficies de juego infantil: Zona seca: caja de arena/cubeta de 
arena 100 a 300 m?, parque infantil 300 a 700 m?, Zona húmeda: parque 
de juego acuático 100 a 500 m?, 
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PARQUES 
ACUÁTICOS 


Piscinas 
cubiertas 
públicas 
Piscinas al aire 
libre públicas 
Piscinas 
cubiertas y 

al aire libre 
Piscina cubierta 
privada 


Deportes 
Ocio 


PARQUES 
ACUÁTICOS 


Piscinas 
cubiertas 
públicas 
зсіпаз al aire 
bre públicas 
Piscinas 
cubiertas y 
al aire libre 
sina cubierta 
privada 


Pi al aire libri Zona de juegos y piscina para 


еп piscina cubierta ii 
Duchas y Duchas y Restaurante, zona para | Terraza 
ir eabado сааба" і 
Gimnasio 


Ра И 


Q Entrada у. 
Ф Vestuarios 


(O Piscina cubierta 


O Sala puesta О Н 
mts 7 ( р А 
(6) Vivienda Q As 


© Piscina natación OO О o 
Pisci cab o Бйз. даш 
| iscina y oas К NT 


Arq.: P. Seifert 


7 d 


O Sauna/sala de descanso' 
Ф Sauna al aire libre 

O Piscina de refrigeración 
®© Piscina natación aire libre 
(б) Piscina chapoteo niños 
© Piscina natación 

Ф Gruta 

O Vestuarios 

O Limpieza previa 

@ Solario 

@ Terraza solario 

® Instalaciones 


ES 


Ө Complejo de piscinas en Heveney Args.: Aichele, Fiedler, Heller 
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PARQUES ACUÁTICOS 
PISCINAS CUBIERTAS Y AL AIRE LIBRE 


Las combinaciones de piscinas cubiertas y piscinas al aire libre 
permiten, si se organiza adecuadamente el conjunto, una amplia 
centralización espacial y funcional de las instalaciones, al tiempo 
que ofrecen mayores posibilidades de uso y, por ello, un mayor 
valor como equipamiento de ocio. i 

Cada estación del año requiere un tamaño diferente de superficie 
de agua interior y exterior. En el funcionamiento es preciso distinguir 
entre el uso durante el verano, el invierno y los meses de transición, 
Pueden plantearse los siguientes tipos de funcionamiento: utilización 
simultánea de la piscina exterior e interior, con el mismo horario, 
tiempo de baño ilimitado y precio de entrada unitario; utilización 
independiente de las piscinas interior y exterior, con horarios dife- 
rentes, tiempo de baño parcialmente ilimitado (en la piscina al aire 
libre) y diferentes precios de entrada; utilización diferenciada según 
la estación del año, por ejemplo, cerrando una parte de la instalación 
(la piscina cubierta o la descubierta). 

Las combinaciones de piscinas cubiertas y al aire libre quizás 
puedan realizarse ampliando instalaciones existentes con una par- 
te cubierta o al aire libre. Si en piscinas de obra nueva no pueden 
construirse las partes cubierta y descubierta en la misma fase, debe 
redactarse el proyecto para la instalación completa —incluso en el 
caso de ejecución de una única parte—, incluido el proyecto téc- 
nico de instalaciones. De este modo se evita una doble inversión. 
La primera fase debería comprender siempre la parte de la piscina 
cubierta. 
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Piscina de natación 


scina de enseñanza __ 


ileta de pas: 
obligado 


(4) Piscinas al aire libre en Bad Driburg Arqs.: Geller + Müller 


PARQUES ACUÁTICOS 
PISCINAS CUBIERTAS Y AL AIRE LIBRE 


La superficie del solar debe dimensionarse según las necesidades 
de las piscinas al aire libre. En caso de una superficie de terreno 
requerida de menos de 10.000 m?, se sumará un suplemento de 5 m? 
por cada m? de superficie de lámina de agua. Por lo demás, rigen las 
indicaciones para el proyecto de piscina cubierta o al aire libre. 
Piscina de saltos Debe intentarse establecer una conexión entre la zona de piscinas 
П] ez al aire libre y la zona de piscinas del pabellón cubierto para conseguir 
una mejor utilización en los meses de transición, una vigilancia cen- 
tralizada y una ejecución más sencilla de las instalaciones técnicas. 
Disponer de una zona de estar con servicio de acogida y con vistas 
а ambas zonas de piscinas. 


о 
2 


uarios 


È 
ҮҮ 
21121219 ta 
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11111111 


Vest 


Piscina 11 El acceso a la piscina al aire libre se realiza а través del vestíbulo de 
== = entrada a la piscina cubierta. En las horas punta también se podrá 
al —| к=; Es= acceder a través de una zona de entrada a cubierto con las taquillas. 
t 25: Б сооп Е E | á El ámbito de control debería servir a ambas zonas. 
y р Una relación directa entre las piscinas cubiertas y al aire libre facilita 


un aprovechamiento considerable. La conexión de ambas zonas de 
vasos — preferentemente se comunicará con el vaso de no nadado- 
res de la parte al aire libre — puede llevarse a cabo con un canal 
(acceso en el pabellón de la piscina cubierta) o un pasillo cerrado, 
de modo que el bañista pueda alcanzar un vaso al aire libre desde 
la piscina cubierta sin pasar por el frío aire exterior. 


Ф Piscina municipal, Tréveris 


© Cortavientos O Vestuarios @ Filtro, instalaciones 

Q Vestíbulo entrada O Aparatos @ Estación transformadora ү * = 
O Taquillas @ Monitor @ Depósito de cloro е 2228255 4 t AS 
@ Personal @ Piscina natación @ Cuarto baterías PTA ааа д 
© Vestuarios personal @) Piscina enseñanza ® Calefacción -Q 


O Piscina cubierta 
(O Lago para remar 
O Zona juegos niños 
O Vest. piscina ext. 
© Piscina aire libre 
O Campo deportes 


Em 


е Establecimiento de baños en Stuttgart — Ө Агд.: Ј. Welz 


Deportes 
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PARQUES 


ACUÁTICOS 

Planta baja > Ө 
Ф Entrada a cubierto Piscinas 
Q Cortavientos cubiertas 
O Taquilla públicas 
Q Patio Piscinas al aire 
© ате libre públicas 

uardarropa Piscinas 
O Aparatos EN cubiertas y 
(O Club natación al aire libre 


Piscina cubierta 


O Piscina de natación 
privada 


@ Piscina de saltos 

@ Oficina 

@ Profesor de natación 
@ Monitor 

@ Enfermería 

® Sala de descanso 
@ Cabinas familiares 
@ No nadadores 


Sección transversal 


Piscina al aire libre y piscina е озн И а шс | Ж, | 
O cubierta en Zollikon > Ө (5) Planta baja Arq.: E. Ulrich + C. Braun 
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PARQUES ACUÁTICOS 
PISCINAS CUBIERTAS Y AL AIRE LIBRE 


Detalles constructivos 

Gracias al uso de láminas en el revestimiento de piscinas se pres- 
cinde del esfuerzo constructivo habitual para estructuras estancas, 
Por razones de seguridad, se utilizan láminas con superficie rugo- 
sa y estriada en escaleras, plataformas y vasos de chapoteo. Para 
pasos de instalaciones sirven bridas — @ - Ф. Hay que tener en 
cuenta una posible condensación en el lado opuesto al agua, 
Disponer sumideros auxiliares o perforaciones de descarga deba- 
jo de la impermeabilización. Prever una pendiente continua del 5 % 


Losa de pavimento 


Losa de pavimento 


Paramento 


= 


Lámina 


Entrega bordillo/vaso revestido i 5 y 2 фе 
de lámina con fleje plastificado Ө vararo- 0 (máx. 10 %) para el vaciado del vaso. Utilizar perfiles de chapa 
раа 5 А plastificada para las uniones fijas de las láminas impermeabilizantes 


=> @ - Ө. Vasos prefabricados de una sola pieza construida a 
modo de cáscara o vasos modulares montados en secciones, 


[50 % ]s0%]__T__170%] 


а le а 
24°С М |219 143 67 
aeh li a аа 
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П >й { 
Humedad relativa 106 / 
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(en bar) 
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Lámina fijada en paramento 


Entrega bordillo con fleje 


Proparción de vapor de agua en el aire 


de vaso plastificado Y Diferencia de temperatura 4 К agua/aire Temperatura del aire y del agua 
no puede mantenerse a largo plazo 
Losa de Caudal específico de evaporación en Límite de evaporación en piscina 
pavimento piscina cubierta (g/m?h) para estado cubierta, línea superior en 


Ф 


en reposo (R) y ocupación máxima 
(M), según Kappler 


funcionamiento; línea inferior 
en estado de reposo 


Canaleta Bordillo 


Junta dilatación 


309998 antideslizantes 


A 


RARA 


Losa de hormigón 
15) Vaso de piscina prefabricado 


perimetral 
Entregas paramento fondo, 
ejecución redondeada del 
arranque del paramento 


к> 254 Hormigón hidrófugo 


© Bordillo rebosadero tipo Zúrich Bordillo rebosadero tipo 


Wiesbaden 
HLO Rejilla_Q ас 
“F ME Р Losas Pieza de agarre estriada 
Deportes Pieza de agarre antideslizantes f 
Ocio т estriada Rejilla + 
Lámina HAD Junta de 
АА dilatación 
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Piscinas Д Conducto 
cubiertas y Canaleta prefabricada de » Conducto perimetral 7 і 
al aíre libre © nomigónirevestimiento de lámina Ө vrine- O ым 
зсіпа oa sintética (15) Rebosadero tipo finlandés (16) Rebosadero tipo St. Moritz 


Bordiilo 


Losas anti- Bordillo 


deslizantes 


Losas antideslizantes 


Conducto perimetral 


Bordíllo rebosadero y canaleta 


de desagúe 118) Aspirador de superficie (skimmer) 


©) era fia con caña de anclaje 


© Unión con bridas 
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Zona de acceso 
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—5,25 


Р2,254 
—4,25—4 
Piscina media 
Piscina mínima ае dos calles 


de una sola calle (3-4 brazadas, 


(2 brazadas 2/4-5 personas) 

1/1-2 personas) piscina mínima para 
saltar desde los 
lados menores 


(2) Tamaño de las piscinas 


Encintado 
Losetas de hormigón 


TA, Rastrel de madera 10/10 


Lámina plástica 
Terreno natural 


Piscina en talud cón lámina 
impermeable y perímetro 


(O Vestuario 
Ф Аѕео 
© Ducha 
@ Cuarto de maquinaria 
O Antesala de la sauna 
O Sauna 
O Espacio al aire 
libre - sauna 
O Lavapiés 
O Sala de estar 
® Cocina auxiliar 
O Bar 


Diagrama de situación de una piscina en viviendas unifamiliares. 
La sala de estar también puede formar parte del pabellón de la piscina 
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20,8 
‚25 


generalmente 1 
para saltar 2,5 —— 


(3) Profundidad de las piscinas 


Terreno natural 


Relleno de la cara 
posterior con 
hormigón en masa 


Lecho de arena po 
compactada y drenada |4 


Piscina prefabricada de poliéster, 


PARQUES ACUÁTICOS 
PISCINA CUBIERTA PRIVADA 
Resguardada del viento — Ф, cerca de los dormitorios (utilización 
en días frescos), visible desde la cocina (vigilancia de niños) y la sala 
de estar (efecto de bastidores), es decir, en el campo visual. Sin ár- 
boles frondosos o arbustos junto a ella (caída de hojas); prever un 
perímetro de protección frente a la caída de hierba, etc.; eventual- 
mente se puede elevar el perímetro de la piscina (cuestión de diseño). 
Tamaño 
Anchura de una calle 2,25 m, longitud de una brazada: aprox. 1,5 m, 
a la que se ha de añadir la longitud del cuerpo: 4 brazadas = 8 m de 
longitud; profundidad del agua: mandíbula de la mujer de la casa, 
¡no de los niños! 
La diferencia entre la profundidad de la piscina y la profundidad de 
agua —> @ depende del tipo de aspiración. 
Forma 
A ser posible sencilla, debido a los costes y las corrientes de agua 
(véase más abajo), rectangular, en cualquier caso con escalera de 
entrada y salida. 
Sistemas constructivos 
Generalmente: pileta laminar (lámina = superficie impermeabilizan- 
te) sobre una estructura portante de obra de fábrica > @, hormigón, 
acero (también encima del suelo) o en una fosa —> Ө. 
Piscinas de poliéster, solo se fabrican excepcionalmente in situ, en 
general se construyen con piezas prefabricadas y no suelen ser 
autoportantes: es necesario un relleno de hormigón en masa -> Ө. 
Pileta impermeable de hormigón => Ө (hormigón in situ a dos caras, 
hormigón proyectado a una cara, piezas prefabricadas de hormigón); 
superficie generalmente de material cerámico o mosaico vitrificado, 
más raramente imprimación (cloro-caucho o cemento de color). 
Cuidado del agua 
En la actualidad generalmente mediante instalaciones de recircu- 
lación de agua; es esencial un flujo plano del agua con una buena 
limpieza de la capa superficial mediante un skimmer o, mejor aún, 
a través de un canalón perimetral. 
Tipos de filtros 
Grava (filtro de fondos, en porte con inyección de aire de lavado), 
polvo de diatomeas (filtro de superficie), espuma sintética, elimina- 


de madera A ааыа ción de las algas mediante productos químicos (cloro, antialgas sin 
de aluminio cloro y sulfato de cobre). 
15 AN Calefacción 
Mediante aparatos de contracorriente о calderas con acumulador; 
} ¡prever un sistema de regulación!, prolonga considerablemente la ЁДЕ 
Прага РД 555 ros temporada de baños a un coste relativamente reducido — Ө - Ө. Ё 
e contra СС e gruesa Protección de los niños 
Bros A ser posible cubriendo la piscina o colocando una alarma auto- AT 
hormigón mática que se dispare al formarse pequeñas olas de agua, sin tener ACUÁTICOS 
зав que interponer una valla. Реке 
н сагаз == Protección frente а las heladas cubiertas 
sellada por Tubería de En las piscinas con agua estancada mediante vigas perimetrales, a Фан 
elaxteriar | - drenaje sistema de calefacción o un rebosadero protegido frente a las he- libre públicas 
ө [ена Үнү ср. атна, Pisina de bra de fábrica ladas; ¡no vaciar la piscina en invierno! (borde biselado). Е у 
canalón tipo Wiesbaden al aire libre 


Piscina cubierta 
privada 


3,5/9,2 3,75/10. . |4/10,5 4,75/10 5,25/10,5 


Pérdida de calor en una piscina al aire libre (media de los valores máximos) en 
kWh/m2d según mediciones del RWE; no se han tenido en cuenta las perturba- 
ciones especiales, p. ej., las pérdidas de calor considerablemente mayores en 


Pérdida de calor en la superficie 

las piscinas públicas (hoteles, etc.) debidas al empleo del agua calentada de de la piscina ds Sumidero con equilibrador 
la piscina para el lavado de recirculación en el filtro (hasta 1,5 kWh/m?d, р. еј., temporada de baños de 5 meses de presión 

1.300 kcaVm?2d). X = interpolación (valores dios) 
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Sauna: 1 persona tumbada, 
2 sentadas 


Deportes 
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(7) Sección transversal 


nas de uso 
doméstico 
Centros de 
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Sauna con paredes de tablas 
macizas 


Ventila- Aire exterior 
ción зир. == 
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superior 
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inmersión  calientapiés 


Ф Sauna privada 
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Pila calientapiés 


—110 — 


Contenido aprox. 650 | 
Peso lleno aprox. 730 kg 


(4) Pila de inmersión de madera 
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AH 2.00 m 
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Sauna: 2 personas tumbadas, 
3 sentadas 


Sauna: 3 personas tumbadas, 
5 sentadas 


-1,2 4 


к— 2,4 — 


Sauna de jardín (con paredes 
de tablero macizo) 
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Extracción de aire 


Calefacción 


impulsión 
de aire 


Sección transversal de una 
sauna con calefacción indirecta 
(Bemberg) 


SAUNAS 
CABINAS DE SAUNA DE USO DOMÉSTICO 


Al contrario que en los procesos funcionales independientes de Una 
sauna operada comercialmente —> pág. 385 y ss., en una privada, 
pueden resumirse ciertas funciones en un espacio, p. ej., vestuario 
y descanso (en la vivienda) o higiene previa y enfriamiento (puede 
efectuarse en el mismo local y con іа misma instalación). 

Cabinas de sauna (р. еј., en el jardín) se construyen típicamente con 
troncos de pino y pueden erigirse sin ayuda ajena o comprarse como 
cabañas de madera prefabricadas. Estas cabinas de troncos están 
en el mercado con diseños diferentes: en forma de simple cabina de 
sauna — @ o con ducha y vestuario o zona de descanso incluidos 
=> O. 

Para el montaje dentro de locales existentes hay cabinas de sauna 
prefabricadas o de módulos de montaje — Ф + Ө. 

Estufa de sauna: en las saunas montadas dentro de otros locales, 
en la mayor parte de los casos se utilizan calefactores eléctricos (a 
partir de cierto tamaño necesitan una toma de corriente trifásica), 
mientras que en cabañas de madera se usan normalmente estufas 
de leña (que requieren de una chimenea). 

Cuba de inmersión — €) + Ө profundidad máxima 1,2 m hasta 
lámina de agua. La inmersión de los pies en agua caliente es una 
parte importante del correcto ejercicio del baño de sauna, por lo 
tanto, son necesarios calientapiés > Ө con asientos. 
Temperatura ambiente: vestuario: 20-22 °С; ducha: 24-26 °С; salas: 
de enfriamiento: > 18-20 °С; descanso 20-22 °С; masaje 20-22 °С. 
Humedad atmosférica: 100 °С: 2-5 % humedad relativa; 80 °С: 
3-10 % humedad relativa; 70 °С: 5-15 % humedad relativa; 60 °С: 
8-28 % humedad relativa. - 


O Ducha 

© Baño turco/sauna 
de vapor 

O Instalaciones técnicas 

O Sauna 

© Cama solario 

O Rincón de descanso 
y asiento 


O Cabina de sauna 
O Sala masaje y limpieza 
O Vestuario 

O Porche 

O Leñero 

© Armario 

O Estufa de leña 

@ Caldera de agua 

O Tina de agua 


(14) Sauna 


O Rincón de descanso 
y asiento 

O Cabina de sauna 

O Ducha 

O Cuba de inmersión 

O Pediluvio 

O Inodoro 

O Cama solario 

O Espaldera 

O Bicicleta estática 


(15) Sauna, 35 m?, 4-6 personas, cabina de sauna para montaje en el interior 
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Zona de sauna 


| Percheros 
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Vestuario 


Sala de ducha previa, tamaño ІН: 


Sala de ducha previa, tamaño IV: 
aprox. 12 m? j 


aprox. 15 m? 
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Sala de enfriamiento, tamaño IV: 
aprox. 33 m2 


Sala de enfriamiento, tamaño ЇН: 
aprox. 22 m2 


erficie 


Su 
del agua 


Barra 


0,8 т 
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0 Cuba de inmersión semienterrada 


16) Cuba de inmersión enterrada 
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H 100 


© Peldaños en la cuba de inmersión 


T 
> 
ө 


Cuba de inmersión elevada 
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SAUNAS 
CENTROS DE SALUD INTEGRAL 


SPA es el término global que designa instalaciones para la salud y 
de salud integral. 

Abarca fundamentalmente: instalaciones de sauna, masaje y sola- 
rio, relax/descanso, gimnasia y entrenamiento físico (comprende 
natación — piscinas cubiertas y al aire libre). 

Una instalación de sauna operada de modo comercial (tamaño 


ШУМ Ө) contiene: 


vestuarios, duchas, cabinas de sauna, sala de enfriamiento, sala 
de descanso y relax y zonas auxiliares (sala para el personal, re- 
cepción, caja, aseos para visitantes y para el personal). En saunas 
públicas deben preverse vestuarios y aseos separados por sexos, 
en los aseos del personal y visitantes rigen las normativas locales 
correspondientes. Los accesos a zonas de piscina, instalaciones de 
restauración y espacios de gimnasio se incluyen progresivamente en 
los proyectos para instalaciones SPA y de salud integral. 

El vestíbulo con duchas sirve para asearse con agua caliente antes 
de entrar a la sauna ~ Ө + Ө. 

La sala de enfriamiento sirve para refrescarse entre las sesiones 
de sauna con tratamientos de aire y agua fría, como, p. ej., cuba de 
inmersión, chorros, duchas y pediluvios calientes > Ө - Ө. 


Aforo sauna 


Dimensiones Tipo de uso 
Sauna mínima o familiar 
Todavía se considera sauna familiar 


Sauna operada de modo comercial 


Gran sauna comercial 


Dim. promedio 
del local en т? 


Superficie útil 


Dim. 
en m2 


Tipo de local Plazas 


Sauna | 


1-4 2-4 
| Ш 7-11 4-5 


Ін 12-17 6-10 н 
17,5-21 | 11-15 
Sala enfriam.| H 16 hasta 12 16 


hasta 12 
hasta 17 


hasta 12 
hasta 17 

СИ ЖИЕН 
һазїа 20 
hasta 30 
hasta 45 


Vestuario 


Sala descan. 


Dimensiones 


Indicaciones capacidad 
4-5 6-10 
1,7-2,2| 2,4-4 | 5-10 


17-23 | 1,2-1,6! 2-2,4 
2,1 2,4 


En la sauna mínima con bancos en dos alturas: altura libre: 1,9 m, mín. 1,8 т altura 
libre sobre el escalón superior: 1-1,1 т 


Aforo sauna 


Superficie útil en m2 


Dimensiones cabina 


Altura libre del local en m 


Estimación del espacio y superficie necesarios para diferentes tamaños 
de sauna según M. Hóckert [01] 
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Centros de 
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1, SAUNAS 


CENTROS DE SALUD INTEGRAL 
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— 
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Sala descanso 

Sala para descansos intermedios y después de la sauna. Debería 
poderse ventilar bien, con vistas al exterior y un bajo nivel de ruido, 
Sus equipos y diseño deben facilitar el descanso y relax. 

Solario: por cada plaza tumbada se requiere una superficie aprox, 
de 0,8 x 2 m. La anchura del pasillo lateral es de 0,4 m. 

Tipos y dimensiones de vasos — Ө: 

Piscinas de hidromasaje: sirven para la relajación y el descanso, 


Tumbona ergonómica en posición 


Ф sentada en sala de descanso. Camilla de masaje А 
Longitud en posición tumbada: con reposacabezas profundidad máx. del agua: 1 т. 
узт Piscina de terapia: sirve para la relajación, rehabilitación, gimnasia 


acuática, descanso y prevención, profundidad máx. del agua: 1,35 m, 
superficie de la lámina de agua: 25-60 m?: 


— 3 — 

| | - Piscina de aguas salinas: agua con un contenido de sal de mín, 

E Ed | 5,5 g/l de sodio y 8,5 g/l de cloruro. 

о Ц ё м ВЕ - Piscina de aguas minerales: agua con un contenido de sustan- 
cias minerales de mín. 1 g/l. 

“p m | El [al - Piscina termal: agua con una temperatura natural de más de 

о Cabina de masaje 6 m? separada Puesto que los vasos de estas piscinas no se utilizan para nadar, 


20 °С. 
Sala de masajes de 8,75 m? соп 
por cortinas según el uso pueden tener formas libres. 


particiones fijas 


Superficie cabina! Entrada aire fresco Extracción de aire 
en sm? 


hasta 8 personas 

hasta 12 personas 

hasta 16 personas 
hasta 10 personas 
hasta 15 personas 
hasta 20 personas 


hasta12 personas 8m 
10m hasta15 personas 
hasta16 personas 12m 
hasta 20 personas 


(5) Dimensiones de vasos para piscina de natación y terapia en zona de sauna 
{aforo) 


Gm — Dimensiones de los huecos para ventilación en proporción a la superficie 
hasta 8 personas 6m — en planta de una cabina de sauna, según Hóckert [01] 
8m hasta 10 а aprox. 9,5 т 


Cuba de 
inmersión 


[Cama solario 


Deportes 


Ocio 


aprox. 9,5 m 


SAUNAS (e) 


abinas de uso 
doméstico 
Centros de 
¡alud integral 


==] 


Instalaciones/ 
trastero 
Vestuario 


(6) Sauna ае hotel 5,5 х 8,5 т 


Baño al aire libre 


chorros 
de agua 


В сака ве Е mM 
0} a 
eS са | 


———3,75———46-—— 8,254 2 -46-——4,25-———-41— 4 —+ 
(7) Sauna para aprox. 30 personas (10) Sauna y piscina cubierta 


Y 
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SALAS DE JUEGO 


Las máquinas recreativas que ofrecen premios en metálico están 
sometidas a una reglamentación especial. 

Solo si cumplen dicho reglamento pueden colocarse en salas de 
juego o locales similares. 

Por cada 15 m? se puede colocar como máximo 1 máquina. Sin 
embargo, en un mismo recinto no pueden instalarse más de 10 má- 
quinas > Ө. 

Al calcular la superficie no se pueden incluir los almacenes, pasillos, 
aseos, vestíbulos y escaleras. 

Al proyectar una sala de juego, además de cumplir las ordenanzas 
correspondientes, se deben respetar determinados aspectos urba- 
"nísticos. 

Las salas de juego están permitidas en los núcleos de población 
Tragaperras сото locales recreativos. Excepcionalmente pueden ser autoriza- 
59 x 85 x 29 cm a Р 

f dos en todas las zonas habitadas en las que se permiten locales 
no molestos. En las salas de juegos también pueden colocarse 
máquinas que ofrezcan premios en objetos. Otros juegos, solo 
cuando el premio sea en metálico. 

En las salas de juego no pueden organizarse juegos libremente sin 
ser autorizados. Las salas de juego contiguas pueden compartir 
los mismos lavabos > Ө. 

Las salas de juego de pachinko —> @ - @ usuales en Japón, no 
están autorizadas en Alemania. Las fichas ganadas durante 


В el juego pueden cambiarse en la саја por los premios corres- 
13) Máquina tragaperras (4) Máquina de juegos de cartas pondientes. ' 


Entrada desde 
el aparcamiento 


о о о о 
oo omo 


Máquinas juego cartas . 


[5] Simulador de conducción 16) Simulador de conducción 


ГЛ 


Vigil Vigil. 


+ 0,365! Deportes 


© 

= Š 

Е BS ©-02 Ocio 

$ Ф © 
Simulationes Mesa de billar SALAS 
conducción DE JUEGO 


Q Mesa de biliar Ө Máquina para cambiar monedas © Planta de una sala de juego 


110) Sala de pachinko, Japón Ф Sala de pachinko, Japón 
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@ Los espacios urbanos pueden leerse mejor si se marca el espacio libre en color negro, pues el ojo percibe las superficies 


negras como cuerpo continuo y las blancas como huecos 


La proporción de los contornos del 
espacio situados dentro del campo 
visual determina el grado de am- 
plitud o limitación que transmite la 
impresión del espacio urbano. La 
percepción de detalles del edificio 
que definen su diseño depende 
también de la distancia al mismo 
— pág. 52 Mediante la fórmula de 
la pág. 52 puede deducirse la re- 
lación entre la distancia del obser- 
vador a un edificio y la escala de 
la representación gráfica del mis- 
mo. El grado de detalle de una 
escala se puede atribuir, por tanto, 
a una cierta distancia del observa- 
dor al objeto. 

La relación entre escala y distancia 
corresponde según la fórmula 
aproximadamente a: 

Escala 1:100 120-170 т 

Escala 1: 50 50- 80 т 

Escala 1:20 10- 20 т 


(2) La relación anchura/altura determina la impresión del espacio urbano [01] 


Altura (m) Edad (años) 


Distancia (m) 


Para la elección de las separaciones entre plantas debe de tenerse en cuenta el espacio necesario para el crecimiento 


de árboles [02] 


` 


“у 


ЖҮКЕ © 


Ааа del carácter lineal 


Secuencia de espacios 


(5) Estructuración de un espacio heterogéneo mediante árboles 
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Formación de plazas 


VIALES 


ESPACIOS URBANOS 
Diseño 
Las calles se transforman en es. 
pacios urbanos gracias a la edi- 
ficación colindante. Esto puede 
visualizarse fácilmente con planos 
de análisis en blanco (para lo edi- 
ficado) y negro (para las calles y 
las plazas) — @. La separación 
y la altura de edificios paralelos 
influyen en la imagen de la calle, 
Debido al ángulo de visión de 
aprox. 45°, la impresión del es- 
pacio varía desde uno “cerrado, 
tipo desfiladero” hasta uno 
“abierto a modo de plaza” + @, 
Aparte de la satisfacción de las 
exigencias técnicas referentes 
al tráfico y el abastecimiento, son 
objetivos del diseño de calles: 
Crear identidad, prestar orienta- 
ción y ofrecer calidad para la 
estancia. 
La identidad se genera enfati- 
zando las propiedades típicas 
locales, haciendo referencia a la 
topografía y a los ejes visuales. 
Los espacios únicos y con ca- 
rácter mejoran la orientación y 
ofrecen posibilidades de identi- 
ficación. А 
Además de los frentes de los 
edificios, los árboles son el fac- 
tor más decisivo que define el 
espacio. Limitar el espacio de la 
calle hacia arriba, guían la mira- 
da, definen la escala y cierran 
espacios > Ө. 


3 Árboles de copa 
estrecha 


7 Árboles de copa 
ancha 


11 


ө Separación de árboles respecto 
a otros elementos de la calle 


Formación de islas 


11) Tabla para la definición de la categoría de vía de comunicación según 
la normativa alemana [03] 


о 10.000 20.000 30.000 40.000 50.000 60.000 70.000 80.000 Kfz/24h 
RQ 35,5 
RQ 29,5 
RQ 15,5 
RQ 10,5 


ө Tabla para la definición de secciones tipo para carreteras sin edificación 
colindante, según la normativa alemana [03] 


Proporciones de anchura entre superficies para el tránsito de vehículos 


y espacios peatonales deseables [01] 


0,7-1 m espacio necesario 


1,5-2 m espacio necesario 


1,5-3,5 m espacio necesario Es 


Өө Medidas básica para usos diferentes en espacios peatonales [04] 


VIALES 

TIPOS DE VIALES 
Clasificación 
Al formar parte de la red viaria, la clasificación funcional de las 
carreteras depende de la estructura de la red. En la clasificación de 
carreteras se distingue según su función de acceso a solares y 
edificios, además de por su ubicación dentro o fuera de poblacio- 
nes, entre carreteras con o sin edificación colindante. 
Carreteras sin edificaciones colindantes 
Las carreteras sirven casi exclusivamente para el tráfico de vehícu- 
los. Sus dimensiones dependen de la velocidad media a la que se 
circulará, su importancia como vía de comunicación y su grupo de 
categorías. La categoría adecuada puede verse en la tabla @. 
Junto al número estimado de vehículos, puede definirse la sección 
del firme —> pág. 390 O). 


Carreteras con edificaciones colindantes 

Estas carreteras forman parte del espacio público que, además de 

ser vía de comunicación, sirve para diversos usos. Desde la apari- 

ción del automóvil, las exigencias del tráfico de vehículos son las 

que marcan el carácter de las carreteras. Las medidas urbanísticas 

y de planificación del transporte pretenden conseguir una relación 

equilibrada entre el tráfico de vehículos y el resto de funciones 

importantes del espacio viario. Son, por ejemplo: 

Superficies para la 

comunicación Descanso, divagación, paseo, manifestación... 

Zonas para el juego Ir en bicicleta y patín, juegos de balón, de 
persecución, de escondite 

Usos comerciales Puestos de venta, gastronomía al aire libre 

Zonas verdes Filtración de polvo y agentes nocivos, gene- 
ración de oxígeno, mejora del microclima. 


Elementos de la sección del firme 

En las publicaciones de la FGSV (Sociedad alemana para la 
investigación de carreteras y transporte) se indican las dimensiones 
básicas para los diferentes usos de espacios viarios. El espacio 
viario se compone del espacio lateral necesario de los usuarios de 
la vía pública, más un espacio de maniobra que depende de la 
velocidad a la que se circule. El perímetro del espacio libre de paso 
tiene que ver con el gálibo, que debe mantenerse libre de obstáculos 
fijos — pág. 391. Para la definición de la sección del espacio viario, 
en Alemania se siguen un par de normativas sobre carreteras (EAHV 
y EAE) que establecen los numerosos criterios que facilitan la 
adaptación diferenciada del espacio disponible a las diferentes 
necesidades. Criterios distintivos importantes son: 


1. Zonas territoriales, que pueden ser núcleos urbanos, zonas an- 
tiguas en el perímetro del núcleo urbano, zonas residenciales, 
polígonos industriales y comerciales y territorios rurales. 


2. Tipos de carreteras de enlace: carreteras principales, carreteras 
principales colectoras, calles colectoras locales, calles locales 
de acceso y caminos de tráfico vecinal. 


3. Necesidad de parques y zonas verdes. 
4. Tipo y frecuencia del transporte público municipal. 


5. Tipos de uso de las aceras peatonales. Además de las superficies 
para el tránsito de peatones ofrecen espacio para las funciones 
sociales y de interacción de las vías públicas. 


Según la evaluación de estos factores se determina el tipo de ve- 
hículos que pueden circular sobre el vial y su velocidad. De los 
posibles encuentros en doble sentido de circulación resultan las 
anchuras necesarias del vial > pág. 391. 
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VIALES 
125 AUTOPISTAS 


1 $ 
AÑ RQ 35,5 | А ВРТ 
Las autopistas son carreteras destinadas a la circulación rápida de 


vehículos, sin edificaciones a los lados. 
2 Las dos calzadas de circulación en sentido opuesto se separan 
295 con una franja central. Cada calzada se compone de dos o más 
11,5 carriles y, por lo general, dispone de un arcén lateral > @. 
Г r7 КО 29,5 Las autopistas se enlazan entre sí a diferente nivel (nudos de tres 
brazos > Ө – O о de cuatro brazos > @ - Ө y disponen de 
‚325 || azs | azs || as ||зл5 | з75 ||2,5 h. entradas y salidas con enlaces especiales > Q, Ф. 
078 075 . 075 978 Las autopistas son las vías de circulación más seguras y eficientes. 
135 En la planificación y еп la construcción de nuevas autopistas es 
E primordial el respeto por el entorno natural. 
RQ33 Paneles indicadores — Ө, están situados 1.000 т antes de las 
salidas y 2.000 m antes de los enlaces con otras autopistas. 
1921135138 135 (3033 131421 Para que los edificios situados junto a las autopistas no influyan 
в negativamente en la circulación (obstaculización visual y disminución 
10 de la atención), se han legislado zonas con restricciones a Іа edifi- 
=== КО 26 cación y zonas de prohibición total > €). 
Restricciones: existen restricciones a la edificación o a reformas 
2ll as | as || з las | as |2 h importantes en edificios ya existentes, en una franja de 40 a 100 m, 
des, 2 5 os 95 medida desde el borde exterior del arcén de la autopista. La zona 
$ de prohibición total de edificación de cualquier tipo ocupa una 
Ө Secciones tipo de firme para autopistas [03] franja de 40 m de anchura desde el borde exterior del arcén de la 
autopista. 


100 m 40m 40 т 100 т 


Zona servidumbre/ Zona afectación 
afectación interior más allá de la línea 
línea límite límite de edificación 


12) Panel-puente sobre la calzada (3) Zonas de servidumbre/afectación en el entorno de autopistas 


Enlaces de autopistas (cuatro brazos) Accesos y salidas (cuatro brazos) 


` У A s А 
2 f 
VIALES 


Espacios 


urbanos 
os devies Ө Trébol Ө сатана Ө мок © medio trébol 
Autopistas 


Espacios de Enlaces de autopistas (tres brazos) 
circulación 
Carreteras 
Secciones 

udos viarios 

as y carriles 
ra bicicletas 
smo urbano 

¡cionamiento 

le bicicletas 

Moderación 

del tráfico 
Protección 
acústica 


© Triángulo Ф Bifurcación 


ESPACIO NECESARIO PARA CIRCULAR SIN REDUCIR LA VELOCIDAD (50 km/h) VIALES 


"Medidas маале napadla де бгешгейп у а parace pasa НЫН == Бою de paso a ESPACIOS DE CIRCULACIÓN 


sin tener que reducir la velocidad 


El espacio que necesitan los 
vehículos para circular es la suma 
de las dimensiones de los ve- 
hículos, la holgura necesaria 
entre ambos, el tráfico en direc- 
ción opuesta, así como el espa- 
cio necesario para el arcén y la 
cuneta. La anchura máxima del 
vehículo tipo se adaptará a las 
normas europeas (por lo tanto, 
2,55-2,6 m). 

La altura del espacio para la cir- 
culación de camiones es de 
4,2 m, con gálibo superior 4,5 m 
(mejor 4,7 m), para facilitar la 
renovación superficial del firme 
con aportación de material. En 


05 әв 025 175 
0,25 025025 025 
55 


05 21 028 175 05 


05 21 0,25 0,5 los caminos peatonales y de bi- 
0,25 «8 E a 0,25 0,25 0,250125 0,25 cicletas, la altura libre ha de ser 
4—_—————200———4- E N E 5 mi 

de 2,5 m como mínimo. 
14) Furgoneta/furgoneta [5] Furgoneta/turismo La anchura del espacio lateral 


de seguridad se mide a partir del 
límite exterior de la carretera, 
depende de la velocidad máxima 
permitida. Para carreteras con 
velocidad máxima > 70 km/h 


оа а Я 
=, ere 78—02. дебе ѕег > 1,25 т (тіп. 1 т); еп 
и б 4,75 i carreteras con una velocidad 
0,5 25 0,5 25 0,5 ахі 50 km/h, > 0,75 
Н 
0,25 0,25 0,25 0,25 máxima < m/h, > 0,75 m 
— O. 
[7] Autobús/autobús (8) Turismo/turismo © Turismo/bicicleta 


ESPACIO NECESARIO PARA CIRCULAR SIN REDUCIR LA VELOCIDAD (< 40 km/h) 


025 5% 025 2; 025 925 
0,125 025 0,125 
475 


(11) Camión/turismo 


Ehe 2,1 A 7S 
0,125 435 0,155 


ы Furgoneta/furgoneta O Furgoneta/turismo 


E, = Espacio de seguridad lateral 
Е, = Espacio de seguridad superior 
Р  =Peatones 


7——- = Delimitación del 
espacio de paso libre 


--- = Delimitación del 
espacio de circulación 


с = Ciclistas 
CM = Camiones > 
bicicletas” ci Carril de circulación Acera 
© Medidas del espacio necesario/circulación de camiones © Turismo/bicicleta 
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VIALES 


Espacios 
urbanos 

205 de viales 
Autopistas 
Espacios de 
circulación 
Carreteras 
Secciones 
ludos viarios 
ras y carriles 
ara bicicletas 
ismo urbano 
acionamiento 
de bicicletas 
Moderación 
del tráfico 
Protección 
acústica 


a 75 
(El A 
П 
Ц 325 ы 2 H 3.25 | 325 
Te ds 05 05 0515 RQ 20 
е 155 
—— 115 
us $] 
9} 2,5 Ц 3,75 1! 3,25 |, 3,5 | 
05 05 0,25 1,5 RQ 15,5 


TERA TV 
A E NN 
ы] 3,5 4 3,5 p 
0,25 0,25 

+— = — 
|] з + з | Н 
025  RQ95 


Ва 10,5 
ti 
ll 


11) Secciones tipo del firme de carreteras sin edificación colindante 


1, 
0,25 


2,257 1,3 2 | 2 ав 6,6 þr 2 | 2 {1,34°2,25 


Acera peatonal у carril de bicicletas separados de la calzada y banda de 
estacionamiento mediante franjas verdes de separación. Tranvía sobre vías 
férreas propias 


P5 


p 
al 2 я 3,25 | dsd 3,25 Ll 2 la 
078 1,5 15 075 


о Situación del carril de bicicletas próximo a Іа calzada oportuna en cruces. 
Carril bus en el centro de la calzada 


Calzada de anchura extra que puede ser transitada en cuatro carriles, banda 
16) de estacionamiento separada de la calzada por medianas. Se accede a ella 
a través del carril de bicicletas/de acceso 
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VIALES 
CARRETERAS 


Para unificar el proyecto, la construcción y el funcionamiento de lag 
carreteras se han diseñado una serie de secciones tipo que debe. 
rían respetarse salvo motivo justificado > @. 

Se puede averiguar la sección tipo apropiada en la tabla @ pág. 389 
según el número estipulado de vehículos y la clase del vial, ' 
Para calles con edificación colindante, no existen secciones tipo 
en Alemania. La sección apropiada de las calles por zonas se de. 
sarrolla tras ponderar las necesidades diversas de los usuarios y 
vecinos. Condición para ello es la determinación del vehículo tipo 
para el cual se dimensiona el espacio viario > pág. 391. Ejemplos 
de secciones diversas con edificación colindante > O) -Q. 

Se debe intentar dar una imagen clara al espacio de la carretera, lo 
que puede conseguirse por medio de dimensiones correctas, or- 
denación diferenciada de cada una de las partes de la sección, 
relación equilibrada entre la anchura y la altura del espacio de 
la carretera y ajardinamiento muy variado: el diseño del espacio 
de la carretera debe facilitar la orientación en la misma y en la 
propia ciudad. 

Los elementos situados a ambos lados de la calzada influyen en la 
configuración funcional y visual del espacio. En lo que se refiere a 
la función y al efecto que provocan, el diseño debe armonizar los 
siguientes elementos: carriles para bicicletas y peatones a los lados 
de la calzada, Zonas de detención y descanso sentado, superficies 
para el estacionamiento, zonas de protección y apantalladas, zonas 
de carga y descarga y superficies de servicio para instalaciones y 
venta. 


15 ft 2 "ш 24154 
05 05 


Calle colectora, calzada dimensionada para el encuentro en circulación 
de doble sentido de camiones sin reducción de velocidad, arcén transitable 
para el encuentro de vehículos de grandes dimensiones 


Calle colectora, calzada dimensionada para el encuentro en circulación 
de doble sentido de automóviles/turismos sin reducción de velocidad, 
arcén transitable para el encuentro de vehículos de grandes dimensiones 


2 


Calle de acceso local, calzada dimensionada para el encuentro en circulación 
de doble sentido de camiones y automóviles con velocidad reducida, 
bandas de estacionamiento paralelas y perpendiculares a la calzada 


añe 


Calle de dirección única 
Calle vecinal.o residencial 

ha 

| 

| 

! 

| 

! 


у 


Con estrechamiento de la calzada 
para girar a la izquierda 


Bifurcaciones en calles 
residenciales 


11; 11) ten carreteras 
| de segundo orden) 


(5) Cruces al mismo nivel 


Carretera 
Carretera 
principal 
Bifurcaciones/embocaduras 


Ф Igual que — © 


a distinto nivel 


Ф “Rotonda pequeña (d = 25-36 т) 


б © Estrechamiento de la calzada 


VIALES 
NUDOS VIARIOS 


Clasificación de los nudos en enlaces e intersecciones. Enlace 
significa que las vías se cruzan en niveles diferentes (mínimo un 
puente), el acceso se garantiza mediante rampas (p. ej., cruce de 
autopistas). А 

Nudos al mismo nivel son intersecciones (con o sin balizas). Se 
distinguen: ramales (una vía confluye con otra) > 9) -O e intersec- 
ciones (dos vías se cruzan) > @-@. 

En la actualidad es muy común resolver los cruces con rotondas 
> Ф.Ф. Rotondas pequeñas, diámetro = 25-40 т. Rotondas 
grandes, diámetro > 40 m. Las rotondas tienen la ventaja de un 
menor riesgo de accidentes graves, puede prescindirse de los 
semáforos, son menos molestas en lo que se refiere a los ruidos, 
ahorra energía y reduce de velocidad en poblaciones. El diámetro 
de la rotonda depende de las longitudes de espera relativas a la 
intensidad del tráfico. 

El cruce desplazado ofrece más espacio, visibilidad en la calle y 
una definición del espacio viario. Apto para tráfico lento, como en 
zonas residenciales -> @. 

Límite de edificación en carreteras nacionales alemanas a 20 m 
del borde lateral de la calzada. Restricciones de edificación, hasta 
40 т desde el borde lateral de la calzada —> pág. 390, Autopistas. 


—— Eje de la calzada 
0 Santido circut. 


ШЇ Paso de cebra 


Ф Igual que ~ Ө Ф Igual que — Ө 


--———-ә------ 


Cruce desplazado solo 
para tráfico lento 


Rotonda grande (d > 40 m) con 
isletas para peatones 


© 


© 
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Medios de 
transporte 


VIALES 


Espacios 
urbanos 

Tipos de viales 
Autopistas 
Espacios de 
circulación 
Carreteras 
Secciones 
Nudos viarios 
Aceras y 
carriles para 
bicicletas 
Ciclismo urbano 
ў іепіо 


de bicicletas 


Moderación 
del tráfico 
Protección 
acústica 


Secciones! 

(los valores entre paréntesis son 
medidas mínimas en zonas con 
edificaciones existentes) 


22,25 


м. 
шш 


Ps 
1 

z олз» h 20,25% 
ata 1,5 


(1) Camino peatonal junto a calle 


жоли 2 20,259 

(805) asis Lo 
(1) 

(2) Carril bicicletas junto a calle 


20,75% | 2,51 [20,759 
(20,5) "Y 2 } 20,5) 


Camino para peatones у bicicletas 


ыз 
c] 


vyan 
= отэ z4 ¿20,75% 
(2 0,5) (2 0,5) 
14) Vía para bicicletas 
©. бс 
t, 
Р 
2 0,75% # 0,25% 
(205) >15 
„ж, 
239 
B 
YA 
20,75% | 2 || =0,25% 
(205) * 4.8) 


Camino para bicicletas 
de trazado independiente 


y pa 
Ж 
Ө: deltrazado independiente 


(1,5) 


17) Camino residencial 
prohibido a la circulación 
Observaciones 
”» Pueden ser necesarias pequeñas 
desviaciones en las medidas de 
anchura debido a las dimensiones 
de las placas 
2 Snn. = 0,5 % (desagúe) 
3. Longitud de los caminos residenciales 
con prohibición de circulación 
1а2 plantas < 80 т ` 
З plantas < 60 m 
4 y más plantas < 50 т 
+ En caso de canalización separada 
4 hasta 4,5 m 
э Anchura adicional 
Las hileras de los árboles exigen mín. 
una franja ajardinada de 2,5 m anchura 


Valores de los elementos a proyectar 


altura 
R1 52 Hy | libre 
mín máx. mín. | mín. 
[т] {%] {т | im] 


según el 
correspondiente ¡ 30 | 10 | 2,5 
tipo de calle 
s 30 | 10 | 2,5 
у 30 | 10 | 2,5 
3 

(4 sobre < 250 m)® 30 | 10 | 2,5 

(8 sobre < 30т)® Е 


a Circulación en dos direcciones solo 
en casos excepcionales 

7 Radio de transición en cruces 

a En casos excepcionales 


Abreviaturas: > © - Q 

Р = peatones 

С = ciclistas 

В, = radio de curvatura 

з = pendiente longitudinal 

H= radio de transición en cambios 
de rasante 

Н„= radio de transición en vados 


(1) = (7) Caminos peatonales y para bicicletas 
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VIALES 


ACERAS Y CARRILES PARA BICICLETAS 


Caminos peatonales y carriles para bicicletas 


Las superficies ofrecerán variedad e interés; deben cumplirse los requisitos ne- 
cesarios рага que los niños puedan jugar en ellas. Protección frente a las ingle. 
mencias climáticas mediante árboles, pérgolas y, en casos especiales, Porches, 
Las aceras no deberían tener una anchura menor a:2 m (1,5 т de paso libre 

0,5 m de separación con la calzada), y en muchos casos es conveniente que 
tengan una anchura mayor. En las proximidades de escuelas, centros Comercia. 


‚ les, equipamientos de ocio, etc., se aconseja тіп. З т de anchura —> 


Los carriles para bicicletas situados a los lados de las aceras, en Caso de ser de 
dirección única, deberían tener un ancho mín. de 1 m; en caso de ser de dos 
direcciones: 2 m (mín.: 1,6 m). Franja adicional de seguridad hasta la calzada; 
0,75 m. Los caminos o carriles para bicicletas y peatones tienen una anchura de 


2,5 m (mín. 2 т) — pág. 396. 


F PIG Kiz 
2,5% R 
= 25% e <25% 
FON hd 
070707 09,1 | 12) / 
21 
Elclwi PIF | км ¿KA 


Anchuras básicas de las conducciones de 


suministro y evacuación, y situación en el perfil E 


de la carretera 


ке E 25% 


Е 
2,5 %-» e. 25% 


0,6 0,75 0,9 
хх 


ака o 
4 ¡12 1 12109 

Hz 5 MR 

ЕТОТР o Ка fks ТР ТТЕ 


аргох. 
-6-8 m- 3,5 12 +6...т— 3,5 


а. 
УТАТ 


соп bolardas 50/50 


PIG F 
22,5% 2 2,5% 


0.910.7|0,7|0,7 
Ppiwlale 


= electricidad 
а =gas 
W = agua 
ЕН = calefacción 
Р = teléfono 


КМ = canaliz. mixta de aguas 

KS = canaliz. aguas negras 

КА = сапаііг. aguas pluviales 

Е = peatones 

R = ciclistas 

Kfz = camiones 

P/G = banda de aparcamiento 
о franja ajardinada 


(10) = 114) Ejemplos para el diseño de calles con edificaciones a tos lados 


055 


1,25 


0,45 


11) Medidas generales de una bicicleta @ Bicicleta con cesta y silla de niños 


1,2 1,2 0,75-0,8, 0,75-0,8 


m 


0,35'0,4' 0,35 '0,4 0,35 


EEN 


rms 
075 045 075 


Estacionamiento de bicicletas 
holgado 


Estacionamiento de bicicletas 
estrecho 


1,5 1,5 1,5 


Aparcamiento al mismo nivel 
oblicuo 


(5) Dimensiones para aparcar 
bicicletas en batería 


15 1,5-1,8 1,5 


Aparcamiento en batería con 
desplazamiento en altura 


Aparcamiento oblicuo con 
desplazamiento en altura 


1,75 3,2 1,75 


Aparcamiento de bicicletas 
con bastidor de apoyo 


Ф Bicicletas intercaladas 


VIALES 
CICLISMO URBANO 


Medidas básicas de una bicicleta — @ - Ө. Considerar cestas у 
asientos para niños. Bicicletas infantiles, menor tamaño. Bicicleta 
silla hasta 2,35 m de longitud, tándem hasta 2,6 m. Remolques para 
bicicletas (con pértiga) aprox. 1,6 m de longitud, 1 m de anchura. 
Además, bicicletas especiales para personas con discapacidad y 
transporte de personas y mercancías. 

Procurar conseguir aparcamientos cómodos — 6), si son estrechos, 
peligro de lesiones, ensuciamiento y daños materiales al candar, 
cargar y aparcar о desaparcar la bicicleta. Ahorro de espacio con 
aparcamientos dobles solapando las ruedas delanteras — (Y). Por el 
contrario, aparcamiento con desplazamiento en altura, problemático 
por daños materiales => @. 

El soporte proporcionará estabilidad suficiente incluso con carga. 
Candar la bicicleta a ser posible con abrazadera que una soporte, 
rueda delantera y cuadro; especialmente convenientes los soportes 
con bastidor — Ө. Barra intermedia de apoyo bicicletas de niños. 
Soportes con bastidor, por lo general, con uso por ambos lados. En 
ese caso, separación entre soportes 1,2 т — Ө. 

Ancho de vía 1,8 т > Ө - Ө. Proyectar vías transversales. Organi- 
zación general lo más clara posible para facilitar la orientación. 
Según sea preciso, proyectar aparcamientos adicionales para remol- 
ques de bicicletas y bicicletas especiales. 

Emplear soportes para bicicletas sin posibilidad de candar conve- 
nientemente solo en espacios cerrados con acceso restringido a 
pocas personas. 

Prever cubierta e iluminación en aquellos estacionamientos donde 
las bicicletas permanecen aparcadas durante un tiempo prolongado. 
Colocar los aparcamientos en las proximidades де! lugar de destino, 
para favorecer su localización, acceso y control. Conviene plantear 
estacionamientos vigilados para grandes acontecimientos, estacio- 
nes de tren, piscinas al aire libre y centros comerciales. También 
puede obtenerse sitio para estacionar bicicletas cambiando de uso 
alguna plaza de aparcamiento de coches. 


Edificios residenciales 
Visitas en edificios residenciales 
Residencias de estudiantes 

Escuelas de formación general 

Universidad popular 

Salas de conferencias 

Bibliotecas 

Comedores universitarios 

Oficinas 

Tiendas de productos de consumo cotidiano 
Centros comerciales 

Establecimientos de servicios 


1 por cada 30 m? superficie útil 
1 por cada 200 m? superficie útil 

1 por cada cama 

0,7 por cada plaza 

0,5 por cada plaza 

0,7 por cada plaza 

1 por cada 40 m? superficie útil 
0,3 por cada plaza 

0,3 por cada puesto de trabajo 

1 por cada 25 m? superficie venta 
1 por cada 80 m? superficie venta 


necesarios periódicamente, tipo tienda 
Establecimientos de servicios 

tipo despacho, consultas médicas 
Campos de deporte, gimnasios, 
piscinas cubiertas 

Lugares de reunión de ámbito regional 
Otro tipo de lugares de reunión 
Restaurantes en el casco urbano 
Cervecerías con jardín 


1 por cada 35 m? superficid venta 
0,2 por cada cliente que coincida 
en el mismo momento 


0,5 por cada consigna 
1 por cada 20 plazas 
1 por cada 7 plazas 

1 por cada 7 plazas 

1 por cada 2 plazas 


Cuando un edificio alberga varios usos simultáneamente, es preciso sumar los distin- 
tos valores propuestos para cada caso. 


Valores orientativos para el cálculo del número de aparcamientos de bicicletas 


Ф necesario 


Rueda delantera intercalada y pasillo 


central 


30x35x39 4unidades 
55 х 58 х 39 З unidades 


Tamaño del compartimento 
—= e 8 > 
————4— a jn 9 A (2 > 
NANA 
+ 4 = Млини. 
1,6 1,6 1,6 1,6 Е 
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Medios de 


transporte 


VIALES 


Espacios 
urbanos 

Tipos de viales 
Autopistas 
Espacios de 
circulación 
Carreteras 
Secciones 
Nudos viarios 
Aceras y carriles 
para bicicletas 
Ciclismo 
urbano 
Estacionamiento 
de bicicletas 
Moderación 

del tráfico 
Protección 
acústica 


Medios de 


transporte 


VIALES 


Espacios 
urbanos 

Tipos de viales 
Autopistas 
Espacios de 
circulación 
Carreteras 
Secciones 
Nudos viarios 
seras y carriles 
para bicicletas 
“clismo urbano 
tacionamiento 
de bicicletas 
Moderación 
del tráfico 
Protección 
acústica 


1,65 


137 Colocación inclinada 


М 


o 


Anchura normal de los carriles 
para bicicletas 


к 


| 
| 
| 
| 
| 
і 
l 
l 
| 
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22,5 0,25 


Vía para bicicletas con franja 
ajardinada de separación a calzada; 
buena solución 


50,,50 


2 
35 35 


12) En paralelo Entrelazadas 


Disposición doble 


Marquesina curva con soporte 


doble 


Ф Solución óptima 


Para situaciones 


de estrechez de paso 


VIALES 
ESTACIONAMIENTO DE BICICLETAS 


Circulación en un sentido a partir de 1,4 т de anchura, mejor 1,6 m, 
Adelantamientos y circulación en ambos sentidos con velocidag 
reducida: 1,6-2 m de anchura, anchuras de 2-2,5 m son indicadas, 
cuando también utilizan el carril ciclistas con remolques. Las medidas 
básicas para el espacio de circulación de los ciclistas se establecen 


- a partir de la anchura básica de 0,6 m y la altura del ciclista — Ө, аз 


como del espacio necesario para las diferentes situaciones. 

En los aparcamientos de bicicletas, los pasillos entre soportes han 
de tener al menos 1,5 m de anchura, mejor 2 m. Interrupciones cada 
15 т con un paso. Anchura mínima de pasillos en soportes en altu- 
ra: 2,5 m. Cuanto más largas sean las hileras de los soportes, más 
anchos serán los pasillos. Anchura mínima de los pasillos: 1,5 m 
hasta una longitud de 10 m; 1,8 т de anchura hasta 15 m, y 2,2 т 
de anchura hasta una longitud de 25 m. 

Garaje 1-3 plantas, 15-42 bicicletas. Superficie en planta 4 х 4 m. 
Altura sobre el nivel del terreno 5 m > @. 


бапа para bicicletas 


Franja de seguridad Adoquines de hormigón, rojo 
Asfalto natural o placas Placas de hormigón rojo 
de hormigón, gris oscuro Asfaito - rojo 


15) Perfil de los carriles para bicicletas, materiales, colores 


Cimentación 


Marquesina con bastidores Soportes cubiert: 
ө de perfiles tubulares о ааа 


Franja ajardinada, dimensiones 


mínimas para la circulación en dos A ы 
sentidos 114) Garajes para bicicletas 


Medidas a adoptar 


ES j © 
Efecto 5 е g 2lo 12 f | o 
deseado $3 © |a| S/Z |2 | A- Sistema de circulación 
ZE g (12 2 > |@.@ B- Diseño de los detalles 
551 € = 52108 © 3 51 C- Diseño del tráfico 
0 SIGE 00 ols © 
Jo/53 88 98 23/33|/5 g| 0.0 Efecto deseado 
с = ыст => 
ASES 25025 62159 3 g| © Efecto probable 
Medidas 22102155 @ 85 383588 0 Efecto posible 
Ajos idea Atole ' 
Calles sin salida 


2 Calles anulares 


3 Calles de dirección 
única 


B Cambio material 
1 enla calzada 


2 Estrechamiento 
de la calzada 


` Reestructuración 
3 óptica del espacio 
de la calle 


Obstáculo 
a la circulación 


Reordenación de 
los aparcamientos 


5 


6 Adoquinado 


C Señalización 
1 “zona residencial” 


Señales de tráfico 


2 Velocidad máxima 
30 km/h 


Cambios de la 
preferencia de paso 


Ámbito exclusivamente 
peatonal 


Viviendas 
Ámbito con prioridad o 
оп priorida: ¿0 <00 000 5 


del tráfico lento, p. ej., 
prioridad para peatones Ámbi 
y ciclistas 
о 
Mercado Е 
Carreras principales 


Ámbito con prioridad 
del tráfico motorizado 


(2) Esquema de ordenación de tas prioridades de tráfico 


VIALES 
MODERACIÓN DEL TRÁFICO 


Sección 


рее 


Medidas individuales: 

81 + B2 + B3 + (caso de existir, B4 + 86) 
+01 + С2 

Mantener la separación entre calzada y 
acera, sin embargo, reducir la sección 
de la calzada en beneficio de aceras más 
anchas - Reducción de la velocidad de 
circulación mediante un estrechamiento 
de la calzada - Más espacio y seguridad 
para los peatones - Mejor diseño mediante 
una articulación espacial. 


Diseño de calles 
Propuesta А > Y) 


Sección 


] 
ni 


i Bug i 


(A3) + B1 + B2 + B3 + B4 + B5 +B6 + C1 
Circulación motorizada, aparcamientos 
y circulación peatonal en una superficie 
conjunta (superficie mixta) - Es posible 
usar toda la superficie de la calle para di- 
ferentes usos - Limitación de la velocidad 
a la velocidad del paso humano (20 km/h) 
- Rediseño global de todo el espacio de 
la calle respetando los requisitos de ha- 
bitabilidad de las “calles residenciales”. 


Diseño de cailes 
(4) Propuesta В => Ф 
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Espacios 
urbanos 

Tipos de viales 
Autopistas 
Espacios de 
circulación 
Carreteras 
Secciones 
Nudos viarios 
Aceras y carriles 
para bicicletas 
Ciclismo urbano 
Estacionamiento 
de bicicletas 
Moderación 
del tráfico 
Protección 
acústica 


Medios de 


transporte 


VIALES 


Espacios 
urbanos 

Tipos de viales 
Autopistas 
Espacios de 
circulación 
Carreteras 
Secciones 
Nudos viarios 
seras y carriles 
para bicicletas 
iclismo urbano 
stacionamiento 
de bicicletas 
Moderación 
del tráfico 
Protección 
acústica 


Vidrio aislante 
acústico, 
xágs. 109, 113 


65 dB(A) e 
70 dB(A) 222 
Ы" ARAN 
ds 
5 „= ые 
аа а 
_ > 


pa Muro de protección acústica ` 
23 — 


63 = 50: -—— 


Líneas isofónicas. Efecto de un talud de tierra o un muro de protección acústica 
en el nivel de intensidad acústica 


Muro de protección 


Anchura de la calle РА 
p а aee Para | Hmáx Le 


12) Diagrama para el cálculo de la altura de un muro de protección acústica 


“Muro con Jardín elevado 


13) Medidas de aislamiento acústico junto a las carreteras 


140-901 
Muro de protección de piezas 
prefabricadas de hormigón H < 1,19 


к—112 — 


Disposición de muros de protección 
acústica junto a carreteras 


BB +88 
BH B—R— BBB 


t25t—— 150 ———+25 


5+ 50 +251 


16) Pirámide de protección acústica 17) Muro de protección acústica 


y 


\ 
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Р VIALES 
PROTECCIÓN ACÚSTICA 


Directrices para la protección acústica junto a la calle 

La progresiva toma de conciencia respecto a los problemas del medio 
ambiente ha provocado que el aislamiento acústico, sobre todo en los 
espacios destinados a la circulación, sea cada vez más importante. En 
especial, la intensidad acústica debida a la densidad viaria y edificatoria 
exige una protección eficaz en forma de muros de tierra, de protección 
acústica o pirámides de protección acústica — @ - Ф.Е! ruido de las vías 
de circulación debe reducirse mediante muros de protección acústica en 
> 25 dB (А). Esta reducción se denomina A LA, R, STR, y en el tráfico por 
carretera es una medida de aislamiento acústico modificado. Se distingue 
entre. muros de aislamiento acústico por reflexión A LA, a, STR., 4 ав (А) 
y por absorción 4 dB (А) < LA a STR. < 8 dB (А), de alta absorción 8 dB (д) 
< LA a STR, la norma DIN 18005, parte primera, y las directrices para el 
aislamiento acústico en calles, RLS-81, ofrecen indicaciones exhaustivas 
para el cálculo. El alcance del efecto de blindaje de los muros de aisla. 
miento acústico no depende del material, sino en especial de la altura del 
muro. Su eficacia descansa en la sombra que produce frente al ruido de 
los vehículos, sin embargo, no queda plenamente garantizada mediante 
las relaciones ópticas. Debido a la curvatura de las ondas sonoras, una 
pequeña parte de la energía acústica puede llegar a la zona de sombra, 
Esta parte es tanto menor cuanto más alta sea la pared y más larga la 
trayectoria del rayo curvado. La industria ofrece múltiples piezas prefabri- 
cadas de hormigón, así como muros de protección acústica de vidrio, 
madera y acero. 


Día Noche 
Zona exclusiva resid. 50 35 
Casas de fin de semana 
Zona residencial 35 40 
Pequeñas urbaniz. 
Pueblo 60 45 
Zonas mixtas 
Núcleo urbano 65 50 

ea comercial 

Zona industrial 70 70 
Zona especial 45-70 35-70 


Nivel de intensidad acústica de 
planeamiento para zonas residenciales 
en dB (A) 


0,2 0,5 1 2 5 10 
Altura а> de blindaje h, (т) 


Disminución de la intensidad 
acústica 


e pea а 
m Pr [үза eap ea 7] 


©) Reducción del ruido por alejamiento 


ылыш кеге CC ЛЕ 


O Estimación del nivel de ruido de una calle 


Intensidad del tráfico | Disposición de los tipos de calle | Separación desde 

en ambas direcciones | respecto a la intensidad de tráfico | el centro de calzada intensidad 
durante el día Calle residencial 

vehículos/h < 10 


Calte residencial de 2” orden 
(2 carriles) 


Calle residencial de 1% orden 
(2 carriles) 


Calle en el interior 
de un pueblo (2 carriles) 


Carreteras fuera de núcleos 
urbanos y en zonas industriales 
y comerciales (2 carriles) 


>1.000-3.000 Calles principales en el interior 
de la ciudad y de políg. industr. 
ps comerciales e арата 


Ф Estimación del nivel de ruido de una calle 


101-300 
36-100 


к—— 225 —— 


{0,75} 


E 1749 ч Ро, і 


(2) Motocicleta 


© үа кеке теп 


Rh 3,71 ——] 


o 


к——— Radio 5,45 ———4 


H172 +094 [121] 


ө Volkswagen Nuevo Escarabajo 


k 4,15 —— 1,2t 


(7) Volkswagen Bora Radio 5,45 


¡L— 415 ——4 


173-6114 181 


к—— Radio 5,45 ———— 


(3) Volkswagen Golf 


F——— 467 —— E 1,74 40,961 
Т 
1,46 
© Volkswagen Passat Наво 6,7 
H 4,67 ———-1 E 1,74 0,964 
BR 
1,49 


E дао ——— 


Ф VW Passat Familiar 


H—— 461 — 


1,81 0,79 


OS 
AS 


Ф) voikswagen Sharan 


EDIFICIOS DE APARCAMIENTO 
VEHÍCULOS 


Dimensiones, radios de giro y pesos de los automóviles más fre- 


cuentes para calcular la superficie que necesitan las plazas de 
aparcamiento y los accesos de un garaje. 


|—— 4,15 — |1,72 1,11 


1,1t 


o. AUDI A4 


¡[448 ——4 


1,31 


H 1,81 —+0,961 Ta 


s Radio 5, 19 ri 


E 17 40,921 


E A СО 


(Ф зму serie 3 Touring 


ETA к 1,8 —+0,964 


@) вме serie 5 Touring 
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EDIFICIOS DE 
APARCAMIENTO 


Vehículos 
Radios de gira 


garajes y 
aparcamientos 
Sistemas de 
aparcamiento 
Vehículos 
camiones 
Camiones 
estacionamiento 


giros 
Yas de servicio 
Estaciones 
de servicio 
Centros de lavadc 
de coches 


[~ 1,9 40,984 2,5t 


(1) BMW serie 7 $ j 


4,02m 


O 7 
КААДА 
РРА 


ZIDOR 


1— Radio 4,9 ——— 


H 1,72 40,891 


... 
e... 


© BMW Z3 Rodster 


rr rro rro 


H———- Radio 5,37 ————| 


+ 1,72 —o,8ol 


о Mercedes С 180 


== as ==] 


00) 


L-———— Radio 5,37 ——— 


| 479 — H 1,8 —10,93| 


і——— 4,81 


H Radio 5,87 ——— 


H 2,12 —+1,081 


H——— Radio 5,75 ——— 
H 1,71 —+0,89 
| 
¿DIFICIOS DE 
RCAMIENTO 
Vehículos y 
2adios de gi 
ad lazado E) Mercedes A 140 L—— Radio 5,35 ——— 
aparcamiento 25 151 вт 
Garajes- ý Ё М 
parcamientos 0,72t 
Rampas 
enanza sobre 
garajes y 
parcamientos 
Sistemas de A 
aparcamiento * 
Vehículos —— Radio 4,35 —— 
camiones 
Camiones 4 
acionamiento — 4,56 ———1 -1,72 41,874 1 
ojos 


as de servicio 
istaciones de 
servicio 

ros de lavado 
de coches 


Ф Mercedes СЕК H——- Radio 5,35 ———] 
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| Ф Porsche 911 


EDIFICIOS DE APARCAMIENTO 
VEHÍCULOS 


— 4,74-5,22 —А 


| 1,9 0,961 


к———— Radio 5,9 ————4 


11,700,994 


|——— Radio 6,36 ———1 


к 2-14 251 


| А |——— Radio 6,5 ——— 
(14) Modelos norteamericanos 


420 ===] 1,65 0,911 1,21 


H—— Radio 5,87 ———1 


E 1,89 —+ 1,054 


к—— 452 —— 


Porsche 928 


H-Radio 5,35/Syncro 5,655 


po 4,9 ———] 185—121 


Ф Gipsy 


Ф Volkswagen Kombi (con altillo) 


— ss —— 1 


00) Ambulacia/vehículo de rescate 


EDIFICIOS DE APARCAMIENTO 
RADIOS DE GIRO 


El tamaño y forma de un espacio para girar depende de los vehicu- 
los que lo utilicen y de su función en el tejido urbano. Es difícil dar 
recomendaciones de validez universal para elegir un determinado 
sistema de giro. Se deben tener en cuenta también las necesidades 
de los coches de bomberos y los camiones de recogida de basuras. 
Algunos municipios no permiten construir calles sin salida en las 
que los camiones de basuras solo pueden salir marcha atrás. 

Los espacios pará cambiar de sentido pueden tener forma de L 
o de Т > Ө - Ө, o circunscribir un círculo > Ө - Ө. Los primeros 
exigen realizar maniobras. Mejor son las plazoletas de forma circu- 
lar en las que puede cambiarse de sentido con un único giro. 

Los espacios destinados a cambiar de sentido deberían ser asimé- 
tricos con el círculo desplazado hacia la izquierda -> Ө - O). En el 
perímetro exterior debería observarse espacio suficiente para es- 
tacionar sin obstaculizar el giro. En algunos casos puede ajardinar- 
se una isleta interior > Ө. En los espacios con forma de L solo 
pueden cambiar de sentido los turismos > Ө y no deberían cons- 
truirse en calles de más de 6 m de anchura, aunque puedan utili- 
zarse vados o entradas a garaje para maniobrar. 


Mínimo paso libre 
Ax H=2,3 х 2; pendiente máxima 20 % 


Т 
БА 
ta 
= 


3а+—— 2,7 —+1,1 
LEA 


0 Turismo estándar 


0,5 т Espacio libre de limitación 


Plazoleta de cambio de sentido 13) Plazoleta circular de cambio 


de sentido para turismos; 
radio de giro 2 5 -6,5 m 


Dimensiones exteriores 


| Vuelo | 
Distancia 
Tian ejas 


para turismos 


Franja ilibre 1 т 


Franja libre 1 m 


| 
L425+ 4 + 45 4 


235 0,96 98 |2,17 
Camión de dos ejes Ss 1,4 р 86 Б 29 
Camión de tres = 10,1 Н 2» 1,48 


ns — 


Camión 18,71 

9,7 5,281 1,5 

EL ер Er = s 4,34 1,353 
ра Жү 14 


Reproducido 3+3 
12,78 ———4 sin aceras 6 


15) Plazoleta en Т de cambio de sentido 


Plazoleta en L de cambio 


ага turismos y camiones h: 8m 
de sentido para turismos р y anena 


de longitud (coches de bomberos, 
camiones de basuras y de 6 t) 


Es Y Ж 

ч 

n 

5 

Observaciones: "9 En camiones de tres ejes el úítimo tándem 

зе considera como un solo eje + Sin espejo retravisor 
2 En camiones de tres ejes соп eje elevable * Vehículos con sistema de refrigeración > 
зе toma como distancia entra ejes la longitud hasta 2,6 т Medios de 
entra el eje anterior y la primera de las ruedas del tándem — 4 Autobús de dos plantas hasta 4 т transporte 

Е © Datos básicos de vehículos > págs. 409-410 


25 Tipo de Vehículo tipo EDIFICIOS DE 
A 9-1 EAT жи, 
Plazoleta de cambio de sentido 
(6) para camiones > 10 m de longitud Q Igual que Ө i й £ Vehículos 
y 22 t, camiones de recogida - Para camiones de basura con Radios de giro 
de basuras de tres ejes normativa especial (р. еј., conexión Plazas de 
con camino de acceso restringido) aparcamiento. 
3,73 11,7 3,73 9 - Radio de giro de microbuses y la Garajes- 
18,5 5,18 Franja libre 1,5 т ы - pe ia Senia basura mayoría de camiones de basura aparcamientos 
ú (2,9) (8,6) 2.9) m vivienda de dos ejes - Posibilidad de cambiar de sentido Rampas 
i maniobrando para todos los raenanza 
Franja Ebro tim vehiculos de transporte público sobre garajes y 
aparcamientos 
Calle vecinal Vivienda Матну is 10 1- Radio de giro suficientemente Sistemas de 
i grande para la gran mayoría de aparcamiento 
к 1 camiones y autobuses articulados Vehículos, : 
j 12,5 |- Radio de giro para autobuses camiones 
nuevos Camiones, 
- Radio de giro para autobuses estacionamiento 
articulados y giros 
-| Camión con remolque -Radio de-giro para los vehículos A vicio 
uso петао Autobús articulado de mayor tamaño admitidos da servicio 
En el perímetro de las plazoletas de cambio de sentido debería dejarse una franja libre de 1 m de ancho Centros de lavad: 
Plazoleta de cambio de sentido Plazoleta de cambio de sentido de coches 
para camiones y autobuses para camiones de basuras de dos Р с 5 
articulados А ejes o camionetas de 6 m Para determinar el radio de giro (R) 
М. 
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EDIFICIOS DE APARCAMIENTO 
PLAZAS DE APARCAMIENTO 


Las plazas de aparcamiento suelen estar delimitadas por franjas de 
«ў 12-20 cm de anchura pintadas de color blanco o amarillo. Para una 
mayor visibilidad, en las plazas delimitadas por una pared, estas 
franjas se pintan a una altura de aprox. 1 m. Como delimitación 
también se pueden utilizar bordillos laterales de 50-60 cm de lon- 
gitud, 20 cm de anchura y 10 cm de altura. En las plazas de араг. 
camiento que delimitan con paredes o pilares prever la colocación 


МАДЫ ды д, 


к калабага 


5з 3 53 de protecciones de goma > @. En las plazas enfrentadas se han de 
colocar topes de delimitación de aprox. 10 cm de altura — @. 
Aparcamiento Aparcamiento a 30°; amiento а 
en paralelo acceso fácil, circulación sentido único 
en un sentido 
ў 
Tas 


5,58 4,4 | 5,58 


== 


Disposición de las plazas Superficie Y Número de 
lineales 
(4) Aparcamiento a 60°, sentido único sentido. Anchura de las plazas: 
25m > © 45° en diagonal. Es fácil entrar y 24 29 
х salir. Aprovechamiento relativamente 

bueno de la superficie. Disposición (21,7) (4,6) (81) 
más usual К 
Valores indicados son válidos para una anchura de la plaza de aparcamiento de 


necesaria por plazas por 
=> @ 0° en paralelo. Es difícil entrar y 
salir. Apropiada para calles estrechas 
-0 > en diagonal. Es fácil entrar y 22,5 34 
salir. Buen aprovechamiento de la 
superficie. Disposición bastante usual (20,5) (4,9) (87) 
40 

(44) 

2,5 m. Los valores entre paréntesis (anchura de plaza de 2,3 m) deben ser utilizados 


plaza en m* cada 100 т 
Eak “ 
—> Ө 30° en diagonal. Es 30,8 20 
relativamente fácil entrar y salir. 
Óptimo aprovechamiento de la (27,6) (21) 
Aparcamiento a 90°, de doble superficie 

4,2 

4,4 
— Ө y Ө 90° en perpendicular 20 5 
(anchura de las plazas 2,5 m). Los 
vehículos han de girar con un radio (19) (5,3) 
тиу редиейо 
solo en casos excepcionales justificados 


Aparcamiento a 90°, doble sentido. (7) ¿ecos Ш aparcamiento y anchura Ф Tabla de superficies necesarias 


Anchura de las plazas: 2,3 m 


Ángulo entre ia calzada Anchuras de calzada necesarios (en mm) según 
y las plazas de anchura de plazas de aparcamiento 
aparcamiento en garajes 


Medios de 


transporte 


EDIFICIOS DE 5 A N 
ARCAMIENTO _ P5,16-+ 9,5 410,32 —+ 3,5 +5164 


Vehículos 26,024 2 88 ael , А 

k A " ba à Aparcamiento solo en el sentido Tabla de anchura del vial de acceso (anchura de plazas de 2,5 m es estándar. 
Radios de giro Aparcamiento a 45°, circulación i * a н i “iali 

Plazas de en un único sentido © pes тире рага En lo posible, este valor по debe ser reducido en áreas públicas) 


aparcamientos 
Rampas 
Ordenanza 
«abre garajes у 
aparcamientos 
Sistemas de 
aparcamiento 
Vehículos, 
camiones 
Camiones, 
tacionamiento 
y giros 

zas de servicio 
Estaciones Ps AN 4 e a e 

de servicio 5.48. 4,5 +——10,39— 4,5 + 5,484 5 +$5+5+5+55+5- F5,16-49,5 —-8,7 —+3,5 5,164 


tros de lavado 
A — === 
de coches IA, 54 31 26,02 


Aparcamiento a 60°, solo en el Aparcamiento a 90*, calle de 5,5 m В РИВА i К а 
sentido de circulación de anchura. Plazas de aparcamiento Ф Disposición en diagonal 05) Topes y protecciones de gom 


de 2,5 m de anchura 


\ | 
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EDIFICIOS DE 
APARCAMIENTO 


PLAZAS DE APARCAMIENTO 


Cuando las plazas de aparcamiento 
están delimitadas por muros o pilares, 
su anchura debe aumentar 10 cm por 
cada lado que presente alguno de 
estos obstáculos —> () - Ө. Esta 
regla no es válida en plataformas de 
elevación ni en garajes automáticos. 
Si la plaza de aparcamiento limita con 
una acera, carril de bicicletas o me- 
diana, y está separada de ellos con 
un bordillo, el bordillo se toma como 
tope — Ө + Ө. Los ejemplos 
=> Ө - O muestran diversas posi- 
bilidades de integrar las plazas de 
aparcamiento en el entorno sin dis- 
minuir por ello su funcionalidad. Es 
posible rehundir o cubrir con tejados 
vegetales las plazas de aparcamien- 
to para así aumentar las superficies 
libres. El ajardinado de las mismas 
eleva la calidad del espacio, y no solo 
desde el punto de vista compositivo, 
sino que proporciona también sombra 


FS 
e 
a 


3 


Plazas para 
discapacitados 


| 
| 
8 
3 yl 
$ gl 
о 81 
E E 


l 


a 
| 


0 Cuando las plazas de aparcamiento están delimitadas por pilares o paredes, se aumenta su anchura 


Pilar solo cada 2 plazas, 


Aparcamiento constreñido dentro A кад ч 
de un edificio y mejora las condiciones medioarn- 
| bientales (absorción del polvo) — @. 
ee a, de 
б сүд Tar тсе 
5 7 д Ад 
л. оф | 
ў À 3 Aa ЭЭ) 02" 
22 k i £ Zona peatonal/ 
@ bicicletas — @ 5 43 
Seto como pantalla visual Terreno más bajo Protegido con pérgola y plantas trepadoras Estacionamiento 


43 12 43 5,5 


у 1 
7 2,5 T 
‚| 2,5 5 
С Tas 25 T 
С) [25 а 55 
SE 125 
ФР] 2,5 
Е] І 25 5 
mE 25 8 FR 
H ô 
шн 
нЕ 
НВ 
И 
A КӨ 
1 1 1 
} 5 5,8 5 H 5 { 5 5,5 5 5 
0,25 0,25 0,25 0,25 
i Vegetación en sentido transversal 
О соп vi ас! 
© Aparcamiento con vegetación © ala calzada 


\ 


2 
Ба 
нЕ. 


ТРА 
У/ КУГ КИЛ) 


INEA INES» 
КОШУЛ: 


ае ЖДД) 


tata 80484 


©) н 
— —- 
PE 1H HA 
4 ТУ &у 2,81 4 
Ф Ejemplo de aparcamiento para turismos Es 114) Variante: aparcamiento para turismos en diagonal 
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EDIFICIOS DE 
APARCAMIENTO 


Vehículos 
Radios de giro 
Plazas de 
aparcamiento 
Garajes- 
aparcamientos 
Rampas 
Ordenanza 
sobre garajes y 
aparcamientos 
Sistemas de 
aparcamiento 
Vehículos, 
camiones 
Camiones, 
estacionamiento 
y giros 

Áreas de servicio 
Estaciones 

de servicio 
Centros de lavado 
de coches 


Medios de 


transporte 


EDIFICIOS DE 
'ARCAMIENTO 


Vehículos 
Radios de giro 
Plazas de 
aparcamiento 
Garajes- 
aparcamientos 
Rampas 
Ordenanza 
sobre garajes y 
aparcamientos 
Sistemas de 
aparcamiento 
automáticos 
Vehículos, 
camiones 
Camiones, 
"stacionamiento 
y giros 

reas de servicio 


EDIFICIOS DE APARCAMIENTO 


ИЧ – цениме GARAJES-APARCAMIENTOS 
700 La distribución de viales de acceso y plazas de aparcamiento se rigen, 
E en principio, por las mismas exigencias que en los edificios de apar. 
йн camiento. La ordenanza alemana para distribución de garajes dicta 
Б una anchura mínima de 2,3 т por plaza . Sin embargo, la Asociación 
460 Alemana de Investigación de Carreteras y Transporte recomienda 
456 una anchura de 2,5 m en aparcamientos públicos, debido al aumen. 
350 to de las dimensiones de vehículos. 

300 Los elementos estructurales (forjados, muros, pilares, vigas) deben 


6 8 10 12 14 16 


18 20 22 24 26 28 30 


Superficies necesarias para aparcamientos incluidas las superficies 


de circulación — pág. 402, tabla @ 


Rampa longitudinal, medidas 
exactas, pág. 402 


Sentido de la circulación 


ке. 
== 
13 
ы 
75 


|1.254— 2,5 —+ 
5 


| Š 
| 


Posible disposición de los pilares; 


aparcamiento en perpendicular 


Posible disposición de pilares 


(3) Rampa cruzada 


Sentido de la circulación 


e 
= 


<S 


0,54 


Е 


У — 45 


y 


9. 


5 


EN 
к——3,55——— N x 
Му 


Арагсагпїепїо а 45° 


ser resistentes al fuego. En garajes abiertos se deben emplear 
materiales ignífugos. En los edificios de aparcamiento y garajes 
subterráneos se aconseja una altura libre de 2,2 m. Debería contarse 
con 25 cm adicionales para la señalización de orientación de peatones 
y conductores; la instalación posterior de una nueva capa de pavimento 
requiere 5 cm más; por tanto, lo óptimo es disponer una altura total 
de 2,5 m más la estructura; por lo que, según el tipo estructural 
elegido, resultará una altura entre plantas de 2,75 a 3,5 m. Una retícula 
de pilares relativamente estrecha puede —con una distribución 
adecuada de la planta— reducir considerablemente los costes de 
construcción sin detrimento de la funcionalidad > Ө - Ө. En las 
estructuras de grandes luces, los pilares ocupan entre un 7-12 % 
menos de superficie en planta > Ө. 

Las rampas y las pendientes se deben dimensionar y proyectar de 
acuerdo con la ilustración -> Ө. Las rampas, rectas o helicoidales, 
con plazas de aparcamiento incorporadas, se forman inclinando los 
forjados de las plantas -> pág. 405; en forma helicoidal con aparca- 
miento a ambos lados del carril de circulación > Ө. Con el diagrama 
— © puede predimensionarse la superficie necesaria para un deter- 
minado número de plazas de aparcamiento en fase de anteproyecto, 
Los ejemplos muestran diferentes formas de edificios de aparca- 
mientos y la disposición de las rampas en cada caso. 

Las estructuras de hormigón armado (in situ o de piezas prefabricadas) 
son las que mejor satisfacen la normativa de protección contra 
incendios. Las estructuras de acero se suelen construir por regla 
general como sistema estructural secundario y, por motivos de 
protección contra incendios, suelen revestirse con hormigón, placas 
de asbesto o revoco con vermiculita. En los garajes debe preverse 
una sobrecarga de uso significativa: 3,5 kN/m? en las plazas de 
aparcamiento y 5 kN/m? en las rampas. En las cubiertas ajardinadas: 
10 kN/m2. 


Borde de protección H = 8 cm Dos carriles 


Rampa de forma helicoidal 
con plazas de aparcamiento 


Anchura mínima de rampas 


de tramos rectos incorporadas 


Calle exterior 


En cambios de pendiente superiores al 3 % es preciso compensa el 
punto de encuentro con un tramo curvó о recta de una pendiente 


intermedia para así evitar el roce de los bajos del coche. En transi- 
ciones curvas el radio AS tiene que ser 2 15 т y el В! > 20 m. Cuando 
las diferencias de pendientes sean menores del 15 % es posible 
disponer un tramo intermedio con una pendiente media y longitudes 
de 1,5 m en el canto superior y 2,5 m en el inferior. 


Rs = Radio del canto superior 

Ts = Longitud de la tangente al canto superior 
Ri___P_Ri = Radio del canto inferior Е 
2 100 Ti = Longitud de la tangente al canto inferior = 5—10 

Р = Pendiente 


Estaciones 
de servicio a 
ntros de lavado Ti 


de coches 
© Cambio de pendiente en las rampas 
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Sección -ar eeror 10% 


Garaje de plantas enteras 


Plantas inclinadas sin 
pérdida de espacio, 
pendiente < 6 % 


2883388 
а ВЕ 


Garaje de medias plantas Sección 


(sistema D'Humy) -> Ө sección 


ЕНА 


ҮШ! 


Ватра helicoidal 
des A 


Ubicación de la rampa 
helicoidal 


(1) Sistemas də rampas 


Torres en esquina de rampas 
helicoidales independientes 


13) Esquema de planta — Y) 


EDIFICIOS DE APARCAMIENTO 
RAMPAS 


Para salvar las diferencias de altura y para el acceso a cada una de las plan- 
tas del garaje existen diferentes sistemas de rampas. La pendiente de las 
rampas no debería ser 2 15 %, aunque en garajes pequeños puede llegar 
hasta el 20 %. Entre la superficie pública de circulación y las rampas con una 
pendiente superior al 5 % debe existir una superficie horizontal de 2 5 m de 
longitud; en rampas para turismos, una superficie con una inclinación de has- 
ta el 10 % de > 3 m de longitud. Las alternativas de disposición y desarrollo 
de las rampas pueden agruparse en cuatro grupos — O. 

Rampas rectas de comunicación entre varias plantas con descansillos in- 
termedios, dispuestas una a continuación de otra o en paralelo; rampas 
independientes de bajada y subida. 


_ Plantas inclinadas (no se necesitan rampas adicionales). Toda la superficie 


destinada a aparcamiento está formada por planos inclinados. Es un sistema 
que permite un gran ahorro de espacio, pendiente < 6 %. 

Garaje de medias plantas (rampas D'Humy): las superficies de aparcarnien- 
to están desplazadas media planta, la diferencia de altura se salva con rampas 
cortas > ©, O - Ө. 

Las rampas helicoidales implican un sistema constructivo bastante compli- 
cado y con poco control visual. Por ser de forma circular, las superficies 
sobrantes son de difícil aprovechamiento > @ - Ө. Las piezas de las 
rampas helicoidales deben tener una pendiente transversal < 3 %. Radio in- 
terior de la rampa > 5 m. En grandes garajes, cuando no existan recorridos 
independientes para los peatones, las rampas deben tener una acera elevada 
de > 80 cm de ancho. La anchura de los carriles de entrada y de salida de los 
garajes de tamaño medio o grande debe ser al menos de 3 m para el tránsi- 
to de automóviles de hasta 2 m de anchura y 3,5 т para el tránsito de vehicu- 
los de mayor anchura. 


9.5 -713,1 
че . Anchura mínima y radio mínimo 
14) Anchura mínima de la rampa (5) de rampas curvas 


5 25 _24--&5---- poa 
е 
Aparato 
+ -control 
ж 
А. 
е 


Асега 


Б 
У Бе 
So as 


05 к 


05 4 
17) Control de entrada 


Formas básicas del sistema 
13) D'Humy. Pendiente de las rampas: 
13-15 % 


© Solape de las medias plantas — Ө 
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EDIFICIOS DE APARCAMIENTO 
ORDENANZA SOBRE GARAJES Y APARCAMIENTOS 


Según la ordenanza alemana de aparcamientos, la superficie útil será: 
garajes pequeños: < 100 пт; garajes medianos: 100-1.000 mê; y garajes 
grandes: > 1.000 m?. Los garajes subterráneos son aquellos cuyo 
nivel de suelo está a > 1,3 m de media bajo el nivel de terreno. Los 
garajes grandes deben tener entradas y salidas separadas, y estar 
ubicados cerca de puntos de tráfico importante, como estaciones 
de tren, aeropuertos, centros comerciales, teatros, cines, edificios de 
oficinas y administrativos o grandes complejos residenciales. 
Los garajes medianos y grandes deben tener una altura libre de 2 m 
como mínimo en las zonas transitables por peatones, incluso bajo 
“vigas, conductos de ventilación y otros elementos constructivos. En 
general, la planta baja debe tener más altura, pues en la mayor par- 
te de los casos se destina a otros usos. 
Recorridos de evacuación de máx. 30 m hasta las cajas de escalera 
о las salidas. 
Para furgonetas = 2,5 m. Cargas sobre forjados DIN 1055; los gara- 
jes abiertos tienen aberturas repartidas que dan directamente al 
exterior y que no se pueden cerrar (tamaño = un tercio del total de 
la superficie de los muros perimetrales, los muros paralelos opuestos 
tienen una distancia de 70 m como máx.), lo que permite una venti- 
lación cruzada constante aun con elementos de protección climática, 
Para las medidas mínimas de entradas y salidas de vehículos, así 
como la anchura de los viales de acceso, debe tenerse en conside- 
ración que estos no comprenden superficies antepuestas para iniciar 
giros en curvas. En encuentros de rampas con viales en ángulo 
recto debe preverse espacio adicional para la entrada en curva y 
cumplirse los radios mínimos de giro. La conducción debe ser fac- 
Ф Edificio de aparcamiento соп oficinas | tible también para vehículos grandes sin necesidad de maniobras, 
en el área de la fachada Args.: Kister Scheithauer Gross pág. 405 —> Ө. El trazado proyectado debe comprobarse necesa- 
І riamente соп los radios de giro correspondientes de pared a pared. 
Criterios para la calidad de los edificios de aparcamiento: 
Las fachadas de garajes-aparcamientos deben adaptarse a la esca- 
la de su entorno. Es aconsejable aprovechar la zona ае la fachada 
con otros usos, como), р. ej., oficinas -> @. Otros criterios: inclusión 
en el contexto urbano, iluminación y ventilación naturales, 
ajardinamiento, sistema de tarifas sencillo, conexión propicia al trans- 
porte público. 
Seguridad en ta utilización: 
Videovigilancia, superficies acristaladas a vestíbulos (tener presente 
exigencias de protección contra incendios), comunicación visual con 
el exterior, visibilidad a través de una distancia máxima posible entre 
pilares, colores claros y diferentes en cada piso, identificación de las 
plazas para encontrarlas. ` 


ILE 


Planta nivel superior 


Medios de Valores tipo de equipamiento sanitario en garajes grandes 
transporte Personal de vigilancia y mantenimiento: 1 inodoro, 1 lavabo, 1 fregadero 
50-100 plazas Mujeres: 1 inodoro, 1 lavabo 
Hombres: 1 inodoro, 1 lavabo 
| 1-2 urinarios 
EDIFICIOS DE 
APARCAMIENTO їїсї | 
сааса т е Tabla de equipamiento sanitario en garajes grandes 
Vehículos 
Radios de giro 
Plazas de 
aparcamiento Sa 
Garajes- = = = = 
aparcamientos = E -= = 
Rampas = z = = 
Ordenanza = = = = 
sobre garajes y H = = = 
aparcamientos = E = = 
Sistemas de = = = = 
aparcamiento EJ AQ E H = 
Vehiculos, = Ы Е = = 
camiones = Е a = = 
Camiones, ЕУ = Н ЕР = = 
estacionamiento = = Ыы Е = = 
: y giros = z a (A = = 
Áreas de servicio = E === = = 
Estaciones ЕЭ = - к-а = Ке 
de servicio De cuatro filas De dos filas De seis filas En ánguio Edificio de aparcamiento соп rampas de caracol 
Centros de lavado traslapadas Rampa en sentido del tránsito en rampa 
de coches % 


14) Ejemplos de distribución de plazas y rampas 
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También al aire libre 


+ 263 4 к— 4,9-5,15-5,35 ~ 


Aparcamiento condicionado 


Aparcamiento condicionado 
inclinado y sin foso 


de dos vehículos 


e 5,3-5,4 —— 


I 7,5-7,85-8,15 ——= 


——— 5354 ——4 e 5354 ——} 
Aparcamiento independiente 


О Aparcamiento independiente 
superpuesto (doble-cuádruplo) 


en espacio mínimo 


— 5,3-5,4 ——= m 5,3-5,4 —— 


Tres plazas de garajes móviles en 
posición horizontal 


-0-0 


«Y . 
2,14-2,24-2,34 


Há 45 —— 


Plataforma móvil еп sentido Ф Plataforma giratoria (360°) 


longitudinat 


Plataforma móvil en sentido 
transversal 


11,75 33,45 ——4 


1,75 —— 2,2 — 


ES E/S | E/S 
а, 


E jaj 


Ev ШЫБЫ 
6а. 


E/S 
V 


2,6- 25 2,5- 2,5- 2,6- 

203 5 28 27 27 27 28 
2,6- 2,5- 2,5- 2,5- 2,6- '6- 25- ,5- 2,5- 2,6- И ч Н 
28 27 27 27 28 28 27 27 27 28 Ev = Espacio vacío E/S = Entrada/salida 


Ascensor combinado de tres 
niveles con foso 


Ascensor combinado de dos 


(15) Ascensor combinado de dos 
niveles con foso niveles 
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SISTEMAS DE 
APARCAMIENTO 


Los sistemas de aparcamiento 
se utilizan principalmente en 
aparcamientos privados. Para el 
dimensionado y la elección del 
sistema deben tenerse en cuen- 
ta tipos de vehículos más altos 
que los normales (p. ej., todote- 
rrenos, monovolúmenes, vehícu- 
los deportivos utilitarios). 

Es posible aparcar dos coches 
en garajes individuales mediante 
el empleo de plataformas móviles 
de funcionamiento eléctrico 
=> 0 + Ө que, en caso de fallo 
de suministro, se accionan con 
una bomba manual. Plataforma 
para aparcar hasta tres turismos 
> 0 + Ө, adecuadas tanto para 
garajes en hilera situados en pa- 
tios como para edificios de apar- 
camiento con cuadro de mandos 
en la conserjería. Carga por pla- 
za de aparcamiento 2.500 kg. 
Pendiente de la entrada y la sa- 
lida < 14 %. En los sistemas 
-> © + Ф los coches son colo- 
cados sobre unas plataformas 
que, activadas desde el cuadro 
de mandos, se desplazan hasta 
dejar libre el acceso. 

Las plataformas móviles en sen- 
tido longitudinal se desplazan al 
pulsar un botón y pueden mover- 
se sobre las que no estén ocu- 
padas-> @. El desplazamiento 
en sentido transversal —> Ф se 
emplea allí donde la profundidad 
permita colocar dos, tres o más 
hileras de aparcamientos, suce- 
sivamente, y los viales para acce- 
der a las plazas ocupen dema- 
siado espacio. Las plataformas 
móviles se colocan en sentido 
transversal frente a plazas de 
garajes fijas, a las cuales se acce- 
de desplazando las plataformas. 
Ascensores/plataformas — @- 
O aparcamiento condicionado. 
Cuando estas instalaciones se 
colocan al aire libre, solo es po- 
sible emplear plataformas hori- 
zontales —> (). Véase también 
pág. 408. 


En sistemas de aparcarniento, 
tener en cuenta distintas alturas 
de los vehículos. 


Ф 
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| Е EDIFICIOS DE 
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SISTEMAS DE 
APARCAMIENTO 


Aparcamientos robotizados — (). 
Esta sencilla instalación se integra en edj- 
ficios de aparcamiento de varias plantas y 
sustituye a las rampas (generalmente por 
problemas de espacio). El ascensor eleya 
el vehículo y a su conductor a la planta 
deseada. А partir de ahí, el transporte ho- 
rizontal corre a cargo del conductor йе! 
coche. Promedio de plazas de aparcamien. 
to: entre 8-30 en uno o dos ae 
А В En las torres de aparcamiento —> €) - () 
Ф Aparcamiento con ascensor (2) Aparcamiento sin rampa © Garaje enterrado (Wóhr) totalmente mecanizadas se obtiene super- 
Sección — @ ficie para estacionamiento en altura, Los 
vehículos no se desplazan de forma hori- 
zontal. El ascensor los eleva a un nivel 
H 3 +2,5-42,342,342,3+2,34+-2,74 6,3 — 13,85 donde hay una plaza de aparcamiento a a 
H3 derecha y otra a la izquierda. Las torres con 
una capacidad para 10-40 automóviles son 
T | ideales para aprovechar vacíos de edifica. 
m | ción. Estas pueden construirse tanto sobre 
il І > el suelo como enterradas. 
TE | | | Estantería de almacenamiento > @ con 
кс: = transporte de vehículos tanto horizontal 
como vertical. Por su complejidad, este 
sistema es indicado рага grandes instala- 
ciones y, en teoría, puede extenderse en 
longitud y en altura tanto:como se quiera. 
Los aparcacoches de revolución —> @ 
- © se suministran con sistema de motor 


l| 


Йй» 


También disponible; Manteni- 
para 3 turismos miento 


LL 
о 
№ 
0.65 H- з 10,2 


Г | ЇЙ 


К— 5,8 ——,7H1.7H1.7H1.7+ 3 4 HA. ———— ———————t ongítud L ———{ horizontal o vertical, por lo común con 20- 
60 60 60 ч i 40 plataformas que circulan hasta conseguir 
(4) Aparcacoches en hileras (Wóhr) (5) Sección transversal — Ө 16) Sección longitudinal — @ una plataforma libre o hasta que el coche 


recogido llegue а la cabina de entrada. La 
ventaja de los aparcacoches verticales es 
la reducida superficie en planta que preci- 
san; aprox. 50 т? para unos 20 coches. Los 
horizontales, por su parte, resultan más 
adecuados para ser enterrados. 
Aparcamientos cilíndricos — Ф - Ф. 
Los puestos de estacionamiento son inte- 
riores y dispuestos en círculo; aprox. 10 ve- 
hículos/planta. Es posible construir 10-12 ni- 
veles, la mayoría enterrados. El acceso a 
las plazas de aparcamiento se realiza por 
un ascensor giratorio o bien los aparca- 
mientos dan vueltas en tomo al ascensor, 
Aparcacoches en hilera — (Y) – 


8,55 = 25 turismos ———_—————, Mediante el movimiento longitudinal y trana- 


versal sincopado en uno o más niveles es 


— 6 — 


O Sección longitudinal > @ (Pristinger) posible conseguir entre 6 y 24 plazas de 
aparcamiento. Para maniobrar es necesario 
que queden dos plazas vacías por cada 
planta. Movimiento vertical mediante as- 
censor de transmisión con cadenas. 
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aparcamientos Coche hasta 
Sistemas de | Núm. altura 175 cm 
aparcamiento | niveles | aparcamiento | В = 188 ст 


Vehículos, С = 208 cm 
camiones A 
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estacionamiento 
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de coches 


Planta 


Ø 18 -19 m 
А 54 5 m Aparcamiento cilindrico Aparcamiento cilindrico 
© Sección longitudinal torre (Wóhr) 110) Sección transversal — Y) de 10 coches/planta (Meyer) de 24 coches/planta 
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9,9 -—————— — 2,5 — 
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STO | 


тё 


(10) Camión con remolque tándem L = 18 m, ancho = 2,5 т © Autobús articulado, ancho= 2,5 т 
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CAMIONES, 
ESTACIONAMIENTO Y GIROS 


Las señales viales permanentes 
para el estacionamiento de ca- 
miones no son convenientes 
debido a la diferencia en sus 
dimensiones. 

Las medidas básicas de espacio 


——É + з —+ 5 4 А А 
Тра E a SSA 55* AS y superficie que necesitan los 
A а 45° de Aparcamiento а 45° de Aparcamiento а 30° de Aparcamiento а 90° automóviles resultan de las di- 
camiones y autobuses pora у.салиолев camiones con remolque de camiones mensiones que ocupa el vehicu- 


lo al pasar por un tramo recto, 
una curva o aparcar y desaparcar, 
Sobre todo debe tenerse en 
cuenta la línea que describen las 
ruedas interiores traseras del 
vehículo al trazar una curva. Ra- 
dio de giro de los vehículos con 
las dimensiones máx. aprobadas 
por la Dirección General de Trá- 
fico alemana: radio exterior del 
círculo: 12 m. Radio exterior de 


E 16-09 + 162. — 18 giro con dimensiones apropiadas 
Aparcamiento a 90* de camiones В о В Pérdida de espacio al aparcar í { Я 
пасат Ө Aparcamiento а 45° de camiones ааба para la mayoría de los camiones: 


10 т —> pág. 401. 


/ 
=o 


f 
Tas 


N 
= 


i [^ 
Q 
І Ж. 
poa 
[| | 
| SE | 
1 Су 
i i 
1 lod. 
1 ! 1 | 
_— 16 —— = 75 10 — в 23,5 4 
H- 4.25 — 
Superficie necesaria Posibilidades de girar en espacios L de cambio de sentido © Pasode camiones 


en los chaflanes estrechos en condiciones límite 
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Superficie libre 
с 


13,1 
11,9 


ы та 
b 


(12) Aparcamiento de un solo camión © Aparcamiento en batería (14) Tabla para @ y @ 


véase también 

Abastecimiento y 

gestión de 
residuos, pág. 470 41 0 


y ss. 


Almacén Fallo do samvicio Aparcamiento EDIFICIOS DE APARCAMIENTO 


exterior А ы 

ó t se 

Ponen таа" ÁREAS DE SERVICIO 

Debido al aumento de la capacidad de transporte en camiones y 

de los tiempos de descanso que marcan las leyes a los transpor- 

tistas, existe una gran demanda de áreas de servicio con grandes 
superficies de aparcamiento e infraestructuras. 


Personal 


instalaciones 


Zona de juegos 


infantil A 
Áreas de servicio 
f Las instalaciones se ubican en la autopista, con carriles de entra- 
| da y salida propios. Además de la gasolinera, contienen otros 
| servicios que, según el tamaño de las instalaciones, puede incluir 
| бередй “una cafetería, un restaurante de comida rápida, un restaurante, 
pra | 100 mazas. superficies de venta y alojamiento 
1 a А 
а Areas de servicio sin acceso directo 
Son instalaciones de servicio situadas cerca de las autopistas, pero 
(1) Esquema funcional de un área de servicio para 100 personas a las que solo puede accederse a través de las salidas de las 
mismas. 
оң spot mé ые йы Los conceptos de área de servicio con acceso directo y sin él 
ав de ven t Йй 2 ы T Б А 
@) Según eatuctiró arden qa 796 están definidos en el Código alemán de circulación. Se puede 
кті иона аи © Cámara frigorífica 88 colocar un rótulo indicador oficial solo cuando se cumplen todas 
le diferentes formas Cámara frigorífica 6,3 а П i 
Cuartos húmedos para clientes 94,8 @) Fregadero de cocina 13 las exigencias pertinentes, 
O) Pasillo de acceso a aseos 24,8 Y) Preparación 13,7 А 
О Cambiadores para bebés 34 DME Almacenes 26,11 Estaciones de servicio 
Duchas 8,4 х А 
С Авси nomitires 223 Administración/ps 574 En entomos urbanos, la mayoría de las veces en áreas industriales, 
(O) Cuarto de limpieza 6,9 (8) Oficina 25,8 Se combinan gasolineras con instalaciones de lavado de vehículos, 
Q Aseos mujeres | 22,5 @)/@) Vestuarios personal haciendo especial hincapié en el cuidado del automóvil. 
® Aseos discapacitados 6,5 Hombres/mujeres 18,17 
Sala de estar del personal 6,9 
ZONA DE SERVICIO (9 Aseos del personal 
(9 Pasilto de servicio 39,5 Hombres/mujeres 
Instalaciones 25,9 
Electricidad 7.3 Superficie construida neta 633,2 
47 Calefacción 15,3 
(9) Informática 3,3 


Calefacción 
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transporte 


En instalaciones pequeñas, las áreas de gasolinera y servicio En las instalaciones sanitarias de las áreas de servicio a menudo se cobra 
se unen en un edificio el acceso. El pago para su uso suele ubicarse en un tomiquete de paso 
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(4) Plano de emplazamiento de gasolinera y área de servicio Diseño: Autobahn Tank y Rast AG 
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Los surtidores de gasolina МРО ofrecen hasta cinco tipos distintos de 
o combustibles en un surtidor con servicio por ambos lados. Los surtidores 
simples o dobles де un único combustible se encuentran hoy principalmente 


en patios de servicio 
ES + € du EHH q 
1.475, 135,135 1,475 
1,48 


0,94,0,94 
E] 
4,95 


кел Г 
5-68-94 


06,135 , 1,475 


Dimensiones de diferentes isletas de surtidores (soluciones mínimas entre 


paréntesis) 
boo. 
j р 
D f а l | 
А / І 
O / 0 | ] 
/ ! І 
/ ! i 
РА Lo. o 
A Eas pS] 
П | П 1 
t | ! | 
1 [4 4 1 
І i | П 1 
0 I { 0 | 1 
с 1 цар | 
але еа 
1,2 __15 1,2 


(7 m 


© Dos isletas largas en paralelo a la carretera 
(exige una conducción disciplinada); (soluciones mínimas entre paréntesis) 


55 1,2 


4,95 
(4) 
En 


ПЛ 


Dos isletas cortas a 60° respecto a la carretera (soluciones mínimas entre 
paréntesis) 


ЧЫН} 


H 


1,2 { 12 
6) (0) 


4 A i ГЕД 
(5) Dos isletas cortas en paralelo a la carretera (soluciones mínimas entre 
paréntesis) 
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EDIFICIOS DE APARCAMIENTO 
ESTACIONES DE SERVICIO 


Las estaciones de servicio abastecen de combustibles y lubricantes, 
la mayor parte de las veces en combinación con servicios de тап. 
tenimiento y cuidados. Puesto que en Alemania las estaciones de 
servicio están exentas del cumplimiento de la-Ley de horarios co. 
merciales, ha aumentado notoriamente la superficie de venta de 
accesorios para coches y productos de consumo diario. 
Disposiciones importantes y reglamento técnico: 
En Alemania, las estaciones de servicio deben cumplir una serie de 
normativas relativas a los combustibles que tienen riesgo de соп- 
taminación del agua, de incendio y de explosión (Ley alemana de 
aguas, Normas técnicas para sustancias contaminantes del agua 
y Normas técnicas para líquidos inflamables). 
Según estas normativas, la construcción de estaciones de servicio 
la deben llevar a cabo empresas especializadas. 
Las disposiciones alemanas regionales regulan: 
1. Dimensiones de plazas de estacionamiento y parada (2,5 х 5 т 
= 12,5 m3); 
2. Número suficiente de plazas de aparcamiento (р. еј., en relación 
con la superficie construida, surtidores de gasolina, trabajadores). 
3. Superficie de espera disponible para instalaciones de lavado 
automático de coches (p. ej., superficie necesaria para un 50 % de 
la capacidad de lavado por hora). 
Para el proyecto se deben considerar los siguientes datos de los 
vehículos: 
Radio de giro: automóviles 12,5 m, camiones: 26 m 
Anchura vehículo: automóviles 1,85 m, camiones: 2,5 m 
Longitud vehículo: automóviles 5 m, camiones: 18 m 

con remolque 
De esto se deducen las medidas para las isletas de surtidores y 
anchuras de calzada — €) — Ө. 
El pavimento de la zona de los surtidores de gasolina debe ser 
impermeable y con rebordes laterales y/o con pendiente (longitud 
de la manguera del surtidor + 1 m). Las superficies deben desaguar 
através de un separador cubierto de líquidos apropiado. En el caso 
de estaciones de servicio privadas (las de consumo propio con 
poco volumen de expedición), están permitidas medidas reducidas 
para los suelos pavimentados e impermeables y para la colocación 
de los depósitos. 
Los surtidores de gasolina deben contar con una protección contra 
choques a 20 cm de distancia como mínimo y 12 cm de altura 
mínima > @. | 
Cada surtidor de gasolina debe dispensar en lo posible todos los 
combustibles que se ofrecen. En el caso de gasolineras privadas 
de empresas, existen surtidores monoproducto con sistemas de 
control electrónicos para el acceso y el control de cantidad perso- 
nalizados > @. 
Los puntos de suministro de gas para vehículos necesitan un sur- 
tidor propio. No existen exigencias para el revestimiento del suelo 
en esta zona, ya que no se trata de un líquido contaminante para 
el agua. Deben considerarse medidas para la dilución rápida del 
gas que pueda escapar fortuitamente (terraplén o cuencas en las 
que el gas pueda ser arrastrado por el viento). 


Aire, agua, etc. = 


N 
in 


12 H37 4 


hacl 


16) Puesto de servicio para autoservicio de cambio de aceite, aire, agua, etc. 


EDIFICIOS DE APARCAMIENTO 
ESTACIONES DE SERVICIO 


Necesidades de superficie 
Las estaciones de servicio sim- 
ples requieren un solar de unos 
800 m?; con equipamiento de 
servicios, unos 1.000 m2, y gran- 
des estaciones, > 2.000 m? — @. 
Funciones y ubicación 

Los conductores podrán repos- 
tar el vehículo, comprobar y/o 
cambiar el aceite del motor, el 
nivel de agua, la presión de los 
neumáticos y, si es preciso, el 
líquido de baterías, comprobar 
el contenido del depósito de lí- 
quido limpia parabrisas. Limpiar 
el parabrisas, los focos y las 
manos, comprar productos, uti- 
lizar aseos y realizar diversos 
trabajos (lavar y aspirar los ve- 
hículos, etc.). 

Las estaciones de servicio deben 
ser fácilmente accesibles por 
parte de los vehículos, visibles 
y reconocibles desde lejos y es- 
tar situadas lo más cerca posible 
de la calzada. 

En las salidas de poblaciones, 
en el carril derecho y no en los 
espacios de espera delante de 
semáforos. Es desfavorable la 
Ubicación en la esquina de calles, 


Ф Planta de una estación de servicio Allguth (Germering, Alemania), con venta, y es preferible ubicarlas antes de 
servicios de gastronomía e instalaciones de lavado Arqs.: Haack + Hópfner, München а misma, de modo que la salida 
desemboque en la calle trans- 


versal. 


ODP CT AA ы: 
z 30 
(2) Salida y entrada a una estación de servicio en tramos despejados Ө Sin carriles de aceleración y desaceleración 
* En caso de circulación en sentido único, solo зе exige en el lado de acceso Suficiente número En caso de circulación en sentido único, solo se exige GI = gasolina 
** 2 20 para dos surtidores en paralelo a la calle, proporcionaimente mayor para de plazas de en el lado de acceso GO = gasoil 
cada Isleta adiciona! estacionamiento 2 16 si se escalonan las isletas de surtidores hasta una 
2 16 зі se escalonan las ізівіаз de surtidores en profundidad * prafundidad 2 30 para GO (camiones > 3,5 t) 


2 8,5 cuando la circulación es de dos sentidos, tanto Н 
** en la carretera como en la estación de servicio Medios de 


transporte 


А partir de 3,5t, 

radio de giro 

D226m 

Аша cubierta EDIFICIOS DE 
TN APARCAMIENTO 


E “ей 
Наза 3,51, radio de giro | 


Al e Vehículos 
@>21,5т № 


№ Radios de giro 
Plazas de 


aparcamientos 
Я Rampas 
2,2541 ЕНЕ Ordenanza 
sobre garajes y 
aparcamientos 
Sistemas de 
Límite де! arcén aparcamiento 
Зу, Limite de. Vehículos, 


Ча calzada camiones 


Camiones, 
estacionamiento 
y giros 

Areas de servicio 
Estaciones 

de servicio 
Centros de lavado 
de coches 


Camiones cisterna de suministro fuera 
de los carriles de acceso 


(4) Estación de servicio con isletas de surtidores dispuestas en diagonal, en el O Estación de servicio de gasolina y, según el caso, también de gasoil 


interior de un casco urbano (sobre todo para circulación en un único sentido) (camiones > 3,5 t) en el exterior del casco urbano 
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Plazas de lavado en autoservicio, cubiertas y con paredes protectoras contra 
salpicaduras 


12) Dimensiones para plazas de lavado en autoservicio (1), en caso de ejecución 
de divisiones, y sala de instalaciones central (2) medidas mínimas en caso de 
ejecución al aire libre 


(3) Puente de lavado con dos cepillos verticales y uno horizontal de techo; 
instalación doble con cuatro cepillos verticales у uno horizontal 
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EDIFICIOS DE APARCAMIENTO 


CENTROS DE LAVADO DE COCHES 


Centros de lavado 

Sirven para una limpieza de vehículos respetuosa con el medio am- 
biente. Como empresa de servicios pública para turismos y уеһїси- 
los pesados también puede estar en recintos privados de empresas 
de transportes. Existen sistemas móviles de lavado de ruedas para 
vehículos que trabajan en obras de construcción, vertederos y terre- 
nos de relleno. 

Al igual que en las estaciones de servicio, deben considerarse las 
regulaciones de protección de aguas. Según sea el sistema, los 
centros de lavado necesitan 100-600 i de agua por vehículo, un agua 
que debe tratarse y reutilizarse al menos en un 80 %. Un tren de 
lavado requiere aprox. 40-53 m3 para depósitos de decantación y 
captación de fangos (depósito bajo tierra de @ 3 т). Es necesaria 
más agua limpia para suplir las pérdidas por evaporación, para diluir 
la concentración de sal en invierno, aclarar y aplicar ceras líquidas, 
Boxes de lavado en autoservicio 

Normalmente son plazas cubiertas donde uno mismo puede lavar 
su vehículo con chorros de agua y cepillos de lavado manual. Ins- 
talaciones pequeñas, de una a dos plazas de lavado. Hasta 12 pla- 
zas de lavado pueden abastecerse desde una sala técnica centra! 
->0 + Ө. 

Puentes de lavado 

Requieren poco espacio. El cliente debe bajarse del vehículo y todo 
el aparato de lavado se mueve sobre el coche aparcado. Las insta- 
laciones pueden colocarse al aire libre (aunque mejor cubiertas), a 
ser posible con entrada y salida en los extremos opuestos. Puesto 
que el puente de lavado apagado se encuentra delante de la plaza 
del vehículo, las.naves cubiertas deben medir como mínimo 9-10 m 
de longitud; anchura mínima, 4,6 m, altura mínima, 3 m en puentes 
para turismos de hasta 2,1 m de altura, La distancia lateral entre el 
puente y los elementos fijos debe ser de 50 cm como mínimo. 
Con un puente de lavado pueden lavarse anualmente unos 5.000- 
50.000 vehículos о 5-18 vehículos por hora — €). 

Túneles de lavado 

Los vehículos son arrastrados por una banda continua a través de 
unos pórticos de lavado fijos. Esta técnica posibilita un gran rendi- 
miento y diferentes programas de lavado en el mismo tiempo de 
recorrido. La longitud de estas instalaciones de lavado es de 20-60 m. 
En ип túnel de lavado pueden lavarse entre 30 y 100 vehículos por 
hora; esto es, 20.000-200.000 vehículos al año Ө. 


APARCAMIENTO 


Vehículos 
Radios de giro 
Plazas de 
aparcamiento 
Garajes- 
aparcamientos 
Rampas 
Ordenanza 
sobre garajes y 
aparcamientos 
Sistemas de 
aparcamiento 
Vehículos, 
camiones 
Camiones, 
estacionamiento 
y giros 

Áreas de servicio . 
Estaciones 
de servicio 
Centros de 


vado de coches Planta y sección del túnel de lavado Altguth, en Germering, Alemania. El acristalamiento continuo de las alas laterales 
(un lado para el personal e instalaciones, el otro lado para clientes, cada uno de unos 2,8 m de anchura). 


deja visibles las funciones de la nave de lavado 
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Агдѕ.: Haack + Нёрїпег 


Metro/tren de 
cercanías (m) 


Centro superior 

Núcleo 

Área con alta densidad de uso 
Área con baja densidad de uso 


Centro medio 


Sector central 
Área con alta densidad de uso 
Área con baja densidad de uso 


Centro inferior 
Sector central 
Área restante 


Municipio 1.000 
Para ferrocarriles metropolitanos rigen 


los valores para tranvías o metro, según 
su función y equipamiento 


Distancias medias de paradas 
en metros (solo como 
orientación, pues dependerán 
de las condiciones del lugar) [05] 


Metro Tren 


urbano р. еј. anchura р. еј., suburbano/ 
de vagón Múnich | de cercanías 
pequeña tipo 
Berlín 


Longitud Sencillo Sencillo 25,7 m hasta 114m ET 423: 


del tren/ 8-15 т 15-45 т 4 coches un tren 62,4 m hasta 
composi-| Articulado | Composición motrices inseparable | tres coches 
ciones 18,75 m del tren doblas motrices 
Articulado (según 
doble 25m | ordenanzas 
Sencillo con | alemanas) 
remolque 25 mi hasta 75 m 


Aprox. 2,9 [aprox. 3,4 гт" 


hasta 4,1 т 
{autobuses de 
dos pisos) 
Altura 
de andén 0,12-0,24 m 0,2-1 m 0,9 m 1т 0,96 т 


Datos más importantes de algunos medios de transporte [05] 
* Altura sin pantógrafo ferroviario extendido hasta el hilo conductor aéreo 


клы шс 
чы 
ТЕ 
ак и 
2 
1251 
75 A 


Tercer carril/raíles electrificados 


ө Perfiles de raíles (metro) 


Equipamiento de protección/marquesinas 

Para proteger a los pasajeros de la intemperie en puntos de parada. 
La mayor parte de las veces son sistemas estándar de elementos 
combinados o módulos que se combinan con elementos publicita- 
rios (carteles retroiluminados) como parte del mobiliario urbano. 
Las marquesinas deben corresponder a las necesidades de segu- 
ridad de los pasajeros y ofrecer una buena visibilidad. 


16) Paradas de transporte público urbano 


TRANSPORTE PÚBLICO URBANO 
CONDICIONES, MEDIOS DE TRANSPORTE 


Información: Asociación de empresas de transporte alemanas 
(VDV), Colonia 

Las urbanizaciones aisladas (zonas residenciales y polígonos in- 
dustriales) deben estar comunicadas por un sistema de transporte 
público. Se consideran conectadas cuando se cumplen las distan- 
cias a las paradas (línea recta) según la tabla @. 

Deben servir a todas las zonas edificadas de más de 200 habitan- 
tes, o la misma cantidad de población flotante laboral y/o estudian- 


` tes y aprendices, además de instalaciones que generen tráfico 


(lugares con funciones especiales). 


Además del autobús urbano existen distintas formas de transporte 


sobre raíles que pretenden hacer del sistema de transporte público 
una alternativa más cómoda, rápida y atractiva que el transporte 
privado: 

- Ferrocarriles metropolitanos rápidos: sistemas cerrados de 
transporte por vías férreas, accionados preferentemente por elec- 
tricidad dentro de los límites de una ciudad (metros/trenes subte- 
rráneos o elevados) o en el zonas urbanas (tren suburbano o de 
cercanías), ocasionalmente con pasos a nivel con preferencia ab- 
soluta. 

- Ferrocarriles metropolitanos: parcialmente independientes del 
tráfico urbano en forma de metro, a nivel de suelo sobre vías espe- 
ciales o con intersecciones al mismo nivel sin preferencia absoluta. 
- Tranvías: a nivel de calle o sobre vías especiales, al utilizar el 
mismo espacio que el tráfico público, rigen las directrices del Có- 
digo de circulación. 

Es posible que haya sistemas mixtos, como, p. ej., un ferrocarril 


- metropolitano y un tranvía sobre la misma vía o tranvía que utiliza 


vías del ferrocarril (como en la ciudad de Karlsruhe). El uso de los 
carriles pavimentados de tranvías es también posible para autobu- 
ses urbanos, ya que esto facilita un mejor engranaje de los tipos de 
transporte (paradas) y una coordinación preferencial de los semá- 
foros. Resulta de gran importancia la conexión de espacios y ho- 
rarios entre distintos medios de transporte público y con el tráfico 
vehicular y de bicicletas y el diseño correspondiente de los inter- 
cambiadores — Ө. 

Catenarias: | 

El abastecimiento de energía se realiza normalmente a través de 
cables aéreos y un pantógrafo situado sobre el techo del tren, en 
el caso de metros y algunos trenes suburbanos y elevados (como 
en Berlín y Hamburgo), se realiza por terceros carriles laterales 
electrificados (aprox. 20 cm sobre la vía) > Ө. 

Perfil de raíles: н 

Por lo general, se utilizan raíles de tipo Vignole de distintos tamaños 
(ferrocarriles metropolitanos rápidos: y trenes urbanos 49 E 1, tran- 
vías 41 Е 1, medidas >). En el área urbana, carriles tipo Vignole 
con garganta (59 Ri 1, 60 ir 1), en los que el sello de la junta puede 
ser trabajada a ras. Las vías férreas abiertas pueden ser en parte 
ajardinadas. 


AAA A e aa e e e 


м. 


utobús 
-—- urbano 
-— В Tranvía 
mu С Salidas 


Ep Llegadas 
кө 
\ 


Conexión de trenes urbanos/tranvías y autobuses urbanos en estaciones 
terminales [06] 
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Medios de 


transporte 


TRANSPORTE 
PÚBLICO 
URBANO 


Condiciones, 
medios de 
transporte 
Paradas 
Espacios 

de circulación 
Estaciones 
de autobuses 


Reglamento 
general ferroviario 
Ley de transporte 
de personas 
Ordenanza de 
transporte 

de personas 
(BOStrab) 

Leyes de 
transporte 
público 


Medios de 


transporte 


TRANSPORTE 
PÚBLICO 
URBANO 


Condiciones, 
medios de 
transporte 

Paradas 
Espacios de 
circulación 
Estaciones de 
autobuses 


Escaleras dentro de los andenes 


Andén 


medio 


[шн co] Andén 
энн Ф lateral 


Escaleras en los andenes 


11) Orden de escaleras en los andenes laterales y medio [06] 


Número de personas/ 
posibilidad de transpo! 
8/de acceso universal 
13/apto para ¡levar carga 
19/apto para bicicletas 


; 
; 
3 


274 474747 7 4/27 RRV 27740 474/474 АР АУ АУ АУ А7474 АЎ 4) 4 АУ 4 GRRR ERRERA 


13) Sección transversal del andén [06] 


Paradas (tranvía): anchura mínima del andén: 3,5 m. Para la insta- 
lación de salas de espera en andenes centrales: mín. 5,5 m. La 
anchura mínima aceptable en la calle según la normativa alemana 
es de 1,5 m, que debe evitarse por consideración a los pasajeros 
(en condiciones angostas, 2 m como límite mínimo de andenes). 
Franja de seguridad: 0,85 m de anchura medida a partir del límite 
exterior del coche en el lado de la puerta del tren; puede quedar 
también sobre la calzada de la calle. 

Paradas dinámicas: en caso de no existir islas o plataformas, se 
colocan señalizaciones antes de la parada, para poder proteger a 
los pasajeros que suben o bajan. 


RR a a у е 
МХХ 


Ө Parada dinámica [06] 
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TRANSPORTE PÚBLICO URBANO 
PARADAS 


La planificación de puntos de parada tiene una gran importancia. Por 
lo general, las vías férreas se diseñan para un lugar concreto, de 
modo que deben coordinarse las alturas de los andenes y del suelo 
de los vehículos para asegurar una entrada y salida agradables al 
pasajero. 

Distribución de andenes 

La distribución de andenes centrales o laterales depende de factores 
constructivos, funcionales y de tráfico, en especial en el caso de 
andenes en túneles. 

Los andenes centrales son más adecuados para la orientación de 
los pasajeros, pero necesitan coches con puertas en ambos lados. 
Las estaciones están situadas a más profundidad, ya que necesitan 
un nivel intermedio que pueda utilizarse como paso peatonal general, 
como un cruce a niveles diferentes. Para andenes laterales son ne- 
cesarios el doble número de accesos y de escaleras, así como tam- 
bién de equipamiento (quioscos, planos de la red, etc.). Es posible 
tener coches de sentido único, ya que las puertas abren hacia el lado 
derecho. En estaciones sobre viaductos son mejores los andenes 
laterales, pues pueden simplemente “acoplarse” y no se pierde su- 
perficie junto a los pilares. Las paradas seguidas deben tener en lo 
posible la misma distribución (orientación de los pasajeros). 


Longitud de los andenes 

Dependerá de la longitud del tren más largo previsto. Los metros y 
trenes suburbanos requieren 5 m más porque su sistema de frenado 
es poco preciso. Los tranvías permiten paradas de doble capacidad. 


Anchura de los andenes 

La anchura del andén depende de la cantidad de pasajeros que re- 
ciba, del emplazamiento y del tipo y anchura de accesos y salidas. 
Los andenes, las escaleras y las salidas deben diseñarse de forma 
que el andén pueda evacuarse sin atascos durante el tiempo de 
parada del tren. 

Anchuras mínimas, en general: 

- andén lateral: 3 m 

- andenes centrales con escalera en el extremo del andén: 6 m 

- con escaleras dentro de la longitud útil del andén: 7 m. 


Escaleras 

Las escaleras pueden situarse en los extremos del andén, así como 
dentro de su longitud útil. La anchura de las escaleras fijas debe ser 
múltiplo de 0,6 m (mínimo 2,4 m), sumando además la anchura del 
pasamanos y de la canaleta de barrido. Debe haber pasamanos a 
ambos lados, y a partir de 6 m de anchura hay que colocar uno 
adicional central > GQ). 

Las escaleras mecánicas aumentan la comodidad para el usuario, 
acelera y canaliza el tránsito peatonal; por ello deberían ser utilizadas 
en estaciones con afluencias medias y altas. 

Deben utilizarse escaleras mecánicas de 1-1,5, o mejor de dos vías 
(80/100 cm anchura de peldaño), y la anchura de construcción (entre 
1,4 y 1,65 m) dependerá del fabricante. 


Ascensores 

Las vías elevadas o subterráneas deben contar adicionalmente con 
ascensores para personas (también puede ser instalado a poste- 
riori), para facilitar el acceso a personas con discapacidades físicas 
o de movilidad (cochecitos de niños, maletas, etc.) > Ө. 

Los ascensores deben ser fáciles de reconocer, y las zonas de es- 
pera estar situadas fuera del flujo principal de transeúntes. 


Superficie de andenes 

Deben tener una pendiente transversal (con forma de techumbre) de 
mínimo 1 % (máx. 3-5 % en paradas en túneles y 2-3 % en paradas 
al aire libre) para facilitar el desagúe. El material de los bordes de los 
andenes facilitará el agarre y contará con elementos táctiles para 
personas con problemas de visión (según el caso, con banda blanca); 
en este caso, es indicado colocar bandas indicadoras de superficie 
táctil de alto contraste (para bastón). 


іа conexión т 1 | | cable en espacio 
a la corriente і | l; 5 +5 de circulación de 
Limite de los vagones И і | i | 
өг) || 0202 Máx, altura de los 
Línea de limitación o | пира бехсі cone. 


+000 


00 (50) 
b) en paradas a isletas de protección 


a) a lo largo del trayecto 
(1) Separación mínima entre las vías situadas en una calle pública 


1 ! I 
| | | Canto inferior dat 
Espacio de trabajo para Н lo en esp: 
ta conexión a la corriente | | 1 | de circulación de 
А 1 | | calles públicas 
Límite de los vagones 02] 0.20.2 жа Canto aun 
Г == 10 "34 еі elemento de 
Unea ш limitación a <> toma de corriente 
боз о móviles т з Máx altura de los 
lón línea h vagones 2,2 m 
de delimitación 7 + 2.8 sobre el andén 
alos vagones с Generalmente 0,5 т 
{Т „7А sin embargo, 
de ares ita) Z andén mínimo: 2,2 m 
Delimitación en 
Pop 
seg 
+0 А Andén 
(50) = == 


005 + 0,00 (SO) 
b) en paradas e isletas de protección 


Trayecto en una calle pública 
Medidas en m а) a lo largo del trayecto 


Separación mínima sobre las vías de trazado especial en el interior del espacio 
de circulación de una calle pública 


Tipo A 0,5 


2,65 0,05 3,5 


0.5 2,65 0,30,4 3 2,65 _ 0.05 3.5 


centrales 


0,50,40,5 265 03 265 005 3,5 
10,55 pe 


ө — Ө Paradas a un lado 


“Mástles laterales 


3.5 0,05 2,65 03 


2.65 0,05 


3,5 


Parada 


12,7 


35 0,05 265 030403 265 005 3,5 


i 13,40 и e 
Mástiles centrales 


Tipo С 


Másties laterales ^ч 
(5) Paradas a ambos lados + €) 


TRANSPORTE PÚBLICO URBANO 
ESPACIOS DE CIRCULACIÓN 


Separación entre ejes de las vías: según el medio de transporte y sus 
medidas, mín. 2,6 т o 2,95 т, mejor 3,1 т, para compensar las desvia- 
ciones de los vagones en las curvas de radio medio. La anchura del 
espacio libre = anchura del vagón y la desviación de los vagones en las 
curvas, dado el caso con suplementos adicionales en la anchura en caso 
de peraltes y para compensar balanceos laterales (mín. 2 x 0,15 m). 
Separación del borde del andén hasta el vagón: en vías especiales 
0,5 m, excepcionalmente, también 0,3 m. 

Radio de las vías: a ser posible superior а 180 т; en bifurcaciones y 
anillos de enlace, al menos 25 m. 

Pendiente longitudinal: máximo 25 %, excepcionalmente, 40 %o. 
Pendiente transversal: como máximo 1:10; peralte máximo: 1,65 m en 
vías de ancho normal, 1,2 m en vías de 1 m de anchura. Siempre que 
sea posible se ha de trazar un arco de transición antes de las curvas, 
que debe coincidir con la rampa de peralte (aquí la pendiente máxima 


1:6 V}. 


(7) Necesidad de espacio del tranvía en la calle 


Canto inferior cable en espacio, Linea delimitación 
de circulación de calle pública Separación 
Delimitación 

del espacio libre 
necesario 


Ж. 
®+5т 


У 
+42 т r 
Colocación ! 
más baja ! і 
posible en t 
el paso bajo j 
edificios L "| 
| ! Medios de 
! | \ transporte 
1 
l 1 16/2 8/2! 
ор qu Б de Y 
РЕ | ! oy TRANSPORTE 
Linea ане A а" % 25 E а is | PÚBLICO 
108 vi casos exi 0- y: a , 
po URBANO 
Delimitación del espacio de paso i Condiciones, 
(3) libre para tranvías © Paso de peatones sin semáforo mádios de 
transporte 
Paradas 
Espacios 
de circulación 
Estaciones 
de autobuses 
véase también: 
Escaleras/ 
ascensores 
Ferrocarril 


110) Paso de peatones con semáforo 


417 


: | TRANSPORTE PÚBLICO URBANO 
s ESTACIONES DE AUTOBUSES 


Debe prestarse especial atención al ensanchamiento de curvas y 
rotondas de giro > Ө - @, y las paradas de autobuses deben 
estar cuidadosamente dimensionadas. En calles principales o con 
mucho tráfico debe ensancharse la calzada en las paradas -> (), 

Es aconsejable cubrir las paradas con una marquesina. 

Los andenes se pueden disponer de muchas maneras — pág. 418 
O - Ө. Para ser cómodos, tendrán una altura de 30 cm y rampas 
en sus extremos —> pág. 404 Ф - Ф. Prever suficiente sitio para 
aparcamiento temporal de automóviles (park and ride). 


AE AA 


11,5 Autobús sencillo [| + | ss | «72005 | 
2 autobuses sencillos | 25 | 535 | 6062(8205| 
Autobús articulado ла | ss | _ esen] 
Los valores de іа tabla son válidos para un ensanchamiento de 3 m 
—— — —— алыр 2 25 т para paradas de autobuses articulados 
sume 7 v 
T TH] NT ===, = 
М NU >] Н рз E s 
l TOL [>] OL! ШИШ! OL р ER 3% бт баба 7 es 


17,99 


Dimensiones de autobuses de piso bajo. Altura de subida de 30-35 cm, 
con sistema de inclinación aprox. 10 cm menos 


% 13 
— 
13,2 
3.3 
T EN F 
„| 
м 
1 
La línea trazada por la 
rueda trasera define 
el radio interior radio exterior 
queda definido por 
la línea trazada 
por el parachoques 
exterior 
Giro de 90° para autobuses rígidos Giro de 180° para autobuses 
de 12 m de longitud rígidos de 12 m de longitud 
к__——з———— 
Superficie necesaria para Superficie necesaria para 
tos andenes - el aparcamiento 


Superficie 
pavimentada 


Era 
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Medios de 


transporte 


СУ) 
L>5 w- ..- —Vía de salida 


DA 

Ў 5 р А 
В = 22,5 | 

| ^ | „ш ыш L o 
=------- -> 


La línea trazada por | 
} la rueda trasera del - 
TRANSPORTE poli К——— 32 cada tren —— 
interior ~] 
URBANO 1 Ф Distribución de espacios de estacionamiento, paralelos al sentido de marcha 
Condiciones, Giro de 180* para autobuses В 4 
medios de articulados de 17 m de longitud 15] Cambio de sentido 
transporte Acceso 
Paradas 4 
Еѕрасіоѕ де T 
circulación N 
Estaciones de У 
autobuses 


Andén en forma semicircutar 
© (exterior); no es necesario cruzar 
la calzada 


Peatones 


ATT LL NN 
—— o a — 

Pequeña estación con rotonda Plaza de cambio de sentido Rotonda de cambio de sentido 114) Andén semicircular (interior); 

para cambiar de sentido con andén exterior con andén exterior se debe cruzar la calzada 
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TRANSPORTE PÚBLICO URBANO 
ESTACIONES DE AUTOBUSES 


e Encintado del borde 
Líneas de señalización 
рони арале = 
[| Ё 
| 5 
Ub ш 
КЕ а 
tl о 
ipy! 3 
1! кы р NYD 55 ma 
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EE { t 1 = Vigilancia; 2 = Vestíbulo; 3 = Surtidores de gasolina 
Ф Estacionamiento рага vehículos Plazas de estacionamiento para 5 a oi 
a tracción o articulados vehículos a tracción o articulados © Gran estación con aparcamiento para automóviles 
— Llegada — a Centro ciudad 


sy Andenes de salida 
AAA AAA ARPA | 


Tiendas 


2 Taller auxiliar 

3 Surtidores 
de gasolina 

4 Herramientas 

5 Vigilancia 

6 Correos 


: ё r ; 
К ] pT- e 1 Andenes 


М ФИНЕ A == € 22 ХХ 


— 
аі Calle principal 
Andenes dentados más frecuentes ‚ La disposición radial ofrece sa 
Time-Saver-Standards Чп mayor espacio libre ө Gran estación intermedia con andenes separados de llegada y de salida 


Calle ад 


й 

2 

A Насі iento 
y Hacia ol gparcami 


|1 


++——— Desde а! aparcamiento 


Salida perpendicular, llegada i i n i 
© Andén longitudinal en diagonal en diagonal acodada, salida en © pre seed poleo loan llegada y salida dispuestos 
diagonal 


ИУ | 
Щр 1 Entrada de pasajeros de salida 1 Aseo hombres 
2 Salida de pasajeros de llegada 2 Aseo mujeres 
3 Vestibulo 3 Cambiadores bebés 
4 Entrega de equipaje 4 Guardarropía 
5 Entrada de los pasajeros de llegada 5 Cocina 
6 Entrada del equipaje de llegada 6 Sala de personal 
7 Salida de los pasajeros de salida 7 Sala conductores 
8 Facturación de equipaje 8 Almacén 
9 Consigna 9 Archivo 
10 Jefe de estación 10 Cámara bombas 
11 Oficina 


12 Información y tarjetas de embarque 
13 Sala de espera 


110] Planta baja де una estación de autobuses М, 111) Planta baja > @ 
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Medios de 


transporte 


TRANSPORTE 
PÚBLICO 
URBANO 


Condiciones, 
medios de 
transporte 
Paradas 
Espacios 

de circulación 
Estaciones 
de autobuses 


Medios de 


transporte 


FERROCARRILES 


Vías 

Transporte 

de mercancías 
Estaciones 
ferroviarias 
Edificio de viajeros 
Andenes 
Equipamiento 

de los andenes 


En las principales vías En el resto de vías 
continuas y en el resto 

de vías de entrada y 
salida de trenes para 
el transporte de 


pasajeros 


1 Línea límite extema 


Linea imita шада 


a Aitura de trabajo del pantógrafo ferroviario = 5,6 m. Medida mínima 5-5,34 m, 
depende del tipo de corriente 

b Máximo 1,58 m b, с у d dependen del espacio de trabajo en altura de los 
pantógrafos 


Ф Gálibo normal según normativa alemana, válido en rectas y curvas de diámetro 
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Ө Perfiles más usados de vía 


ар а= 


Ө traviesa de hormigón в 70 


а | 0) т 
AA TARA 249 


2,4 E 30 4 
Ө Traviesa de hormigón B 58 
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[7] Sección transversal del lecho de balasto para una única vía 


mín. 3 
mín. 6 


O Sección transversal del lecho de balasto para vía doble 
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FERROCARRILES 


vías 
Información: Grupo empresarial de Deutsche Bahn AG, Alemania 


Las separaciones entre vías (e) más importantes son: 


- Separación normal en tramos libres 4 т (3,5 теп 
tramos existentes) 
cuando se colocan señales 4,5 т 
сото espacio de protección cada 2а vía 5,4 m 


vías de nueva construcción con v > 200 km/h 4,5 m 


.— Separación normal en estaciones 4,5 m (4,75 m) 
vías principales continuas 4m 
entre cada grupo de 5 a 6 vías 6m 
vía para probar los frenos 5m 
vía para limpieza de vagones 5m 
3 ; 3 
3 є—— iar шы _——— 3 
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(2) Separación entre vías 


xz 
E | 3, 


a 2 150 mm para objetos fijos que no están unidos a la vía 

a > 135 mm para objetos fijos unidos a la vía ` 

Б = 41 mm para dispositivos que guían a la rueda рог su cara inferior 
b 2 45 mm en el cruce de carreteras 

b 2 70 mm en todos los demás casos 

Z = esquinas, que pueden redondearse 


о Dimensiones de la parte inferior del espacio libre E 1:40 
Vía normal de Deutsche Bahn AG 

Ancho de la vía (en el 71 % de los ferrocarriles del mundo): 1,435 m 
Tolerancia en el ancho de vía: 

- 3/+30 mm en las vías principales 

= 3/+35 mm en las vías secundarias 

(Otros anchos de vía: Rusia 1,52 m; España y Portugal 1,668 m; 
Sudáfrica 1,067 т; Chile, Argentina e India 1,673 т) 


Vida media de las traviesas 
- impregnadas con aceite de alquitrán 


(según el procedimiento Rúping) 25-40 años 
- traviesas de madera sin imprimación 3-15 años 
- traviesas de acero unos 45 años 


- traviesas de hormigón, vida estimada al menos 60 años 
Profundidad de cunetas en trinchera > 0,4-0,6 т bajo la explanación. 
Pendiente de cuneta 3-10 %, según como sea la base de la cuneta. 
Cuando existan muros de contención se ha de canalizar el agua 
por conductos o mechinales. 

Pendiente longitudinal de las vías principales < 12,5 %o, en vías 
secundarias < 40 % y en las vías de estaciones < 2,5 %o. Con auto- 
rización especial se puede alcanzar una pendiente del 25 % en las 
vías principales. 

Carga de una rueda en reposo: 9 t. Si la estructura es suficiente- 
mente resistente se pueden alcanzar cargas mayores (hasta 11,25 1). 


vía normal para 
С ез con 
sep. entre ejes 
24,5 m 


Vía norma para vagones con separación entre ajes 
4,5 m (todos los vagones de los ferrocarriles 
alemanes) 


Vía norma para vagones.con separación entre ejes 
< 4,5 т (no transitable por todos los vagones) 


Ма en pendiente соп А < 100 т 


Ма соп pendiente para vagones con solo dos ejes 
separados de 6,5 a8 m 


“ Ма con pendiente para vagones con solo dos ejes 
separados menos de 6,5 m o vagones con 
bastidores giratorios 


Radios de curvatura (capacidad de giro) de las vías de empalme. 
En construcciones nuevas se deben evitar los radios inferiores a 100 m 


| Cabeza del гай exterior 


Cabeza del гай interior 


180-200 40 


250-350 30 


400-2.000 20 


U Palanca de maniobra 
14] Cambio sencillo 


Longitud del cambio 


ара ara poa 
р — ———] 


16) Cruce en diagonal (contrarraíl igual que en > Ө — Ө) 


FERROCARRILES 


VÍAS 
Radios de curvatura (en el eje) = R 
En líneas principales (trayecto libre) > 330 т 
En líneas principales (estaciones) > 180 т 
En líneas secundarias con paso de vagones 
de líneas principales > 180 т 
En líneas secundarias sin paso de vagones 
de líneas principales 2 100m 
En vías de empalme transitadas por locomotoras 
de Deutsche Bahn AG > 140 т 
En vías de empalme no transitadas por locomotoras 
de la Deutsche Bahn AG, a ser posible > 100 т 
como mínimo > 35m 


Si 100 m > R > 35 m se recomienda usarlas únicamente para re- 
molcar los vagones. Las curvas de В < 130 т ya no pueden ser 
recorridas por todos los tipos de vagones. 


Radios para líneas de vía estrecha 


Con un ancho de vía de 1 m R>50m 
Con un ancho de vía de 0,75 m В> 40m 
Con un ancho de vía de 0,6 m R225m 


En las vías que sean recorridas a velocidad mayor que la de ma- 
niobra se ha de introducir un arco de transición entre un tramo 
recto y un tramo curvo de radio R, cuya curvatura aumenta de 
forma constante desde 1 : со hasta 1: R — Ө, los tramos curvos 
se 'han de peraltar para que la aceleración centrífuga se mantenga 
dentro de límites aceptables (< 0,65 m/s?)}. Las rampas de los pe- 
raltes y los arcos de transición deberían coincidir. 

Para más detalles consúltese la norma 820/1 de Deutsche Bahn AG. 


Cambios 

Suelen designarse por la forma de las vías, el radio de desviación 
y la tangente del ángulo comprendido, por ejemplo, 49-190-1 : 9. 
Ocupación de la vía con vagones solo hasta los piquetes de dis- 
tancia > Ө. 

Separación entre los ejes de las vías en los piquetes de distancia 
> 3,5 т. 

Longitud de las agujas — Ө 


49-190-1 :7,5 = 25,222 m/12,611 т 
49-190-1:9 = 27,138 m/10,523 m 
49-300-1:9 = 33,230 m/16,615 m 


Diámetro normal de las placas giratorias Ø = D. Para ejes: 2-3 т, 
para vagones 3,5-10 m, para locomotoras: 12,5-23 m. 


Transbordadores. Tamaño = separación mínima entre ejes de los 
vagones a transbordar + 0,5 m. 


pr =] 
==> 


Puente báscula 
de carga 


Aguja del arco exterior, 
operada a distancia 


Aguja doble, на 


operada a distancia 


> 


Doble aguja en cruz, 
operada a distancia 


A it 


Aguja sencilla manual 


AA 
тес ОШ 


Doble aguja en cruz, manual 


Cruce 
© Simbología 


[7] Simbología 


Dimensiones de los cambios 
de agujas 
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FERROCARRILES 


Vías 

Transporte 

de mercancías 
Estaciones 
ferroviarias 
Edificio de viajeros 
Andenes 
Equipamiento 

de los andenes 


Medios de 


transporte 


FERROCARRILES 


Vías 

Transporte 

de mercancías 
Estaciones 
ferroviarias 
=dificio de viajeros 
Andenes 
Equipamiento 

de los andenes 


Pendiente 
1:12-1:20 
Rampa final 
Ф Rampa lateral y final con una pendiente 1:12 y 1:20 
Con calle de carga a un solo lado 
E. ET | Andén 1 Andén 
4 747 Con calle de carga a ambos lados PR irenabordo ¡+= TON de carga 
N, Y РА ч 
| A 4 | X К 4 | \ 
{| | № 4 уу i 
| ti | о Pra | 
і | [ Ро] 
| 18 || HU t pmol 
IZ p ва шан j W | 
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Denomina- 
ción de 
contene- 
dores 


4 
Eh 258 — | is-4 


Andén de carga/descarga 
y transbordo * 


|65 4 25 4 E 254 


Sección transversal de una calle de carga 
(CR a menudo - C.S. de la calle) 


* Permitido solo en algunos Estados 
de Estados Unidos 


Codificación de longitudes 


Modulación de contenedores ISO 
de contenedores 


Medidas exteriores 


Longitud 
mm 


Ani 
mm 


pies' pulg.” pies' pulg.” 


1910,5" 


Medidas exteriores y pesos de los contenedores usuales de 40 y 20 pies. 
La medida constructiva de un contenedor de 20 pies se reduce por la medida 
de una junta, para así poder combinar contenedores largos con cortos 
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FERROCARRILES 
TRANSPORTE DE MERCANCÍAS 


En la actualidad, el transporte ferroviario de mercancías forma par- 
te del transporte internacional de productos. Para poder ser com- 
petitivos con el transporte por carretera se han desarrollado sistemas 
racionalizados de carga y descarga (transporte combinado). 


Muelles de carga 

Pueden ser muelles frontales o laterales e integrarse en o situarse 
junto a almacenes y naves de transbordo. La longitud es de aprox. 
700 гп para poder cargar o descargar trenes completos. La anchu- 
ra libre para portones de acceso es > 3,35 m, en el caso de edificios 
nuevos = 4 m. En las naves debe prestarse especial atención al 
gálibo de los ferrocarriles (pág. 420 > 8) o, en el caso de transpor- 
te en camiones, al gálibo y los radios de giro pared a pared corres- 
pondientes (pág. 470 y pág. 410). Para las rampas de carga, véase 
capítulo: Abastecimiento y gestión de residuos (págs. 470-471). 
Las rampas laterales para carga de camiones con puertas que 
abren hacia afuera no deben superar 1,1 m de altura y sobrepasar 
1 m si las puertas de vagones de trenes de viajeros tienen que abrir 
hacia el exterior. Otras rampas laterales para carga y descarga de 
vagones pueden (a excepción de andenes principales) ser de 12m 
sobre la cota superior del carril. Los almacenes y las naves de al- 
macenamiento deben configurarse según los tipos de productos. 
Los productos son transportados por lo general en palés para faci- 
litar su carga y descarga. Por motivos logísticos se utilizan princi- 
palmente europalés (> pág. 281) normalizados según la UIC-ficha 
435-2 de la Asociación Internacional de Ferrocarriles. 


Transporte combinado/intermodal 

Como transporte intermodal se consideran aquellos transportes de 
carga donde esta se mueve en la misma unidad de carga (cajas 
móviles, contenedores, semirremolques), o también en el mismo К 
vehículo, соп dos medios diferentes de transporte. Partiendo del 
transporte marítimo, los contenedores se han transformado en el 
receptáculo de carga universal para mercancía al por mayor y, cada 
vez más, también al por menor. Hacen posibles unos tiempos cortos 
de transbordo entre distintos medios de transporte por agua, por 
carretera y por tren. 

El lugar de transbordo se denomina terminal de transporte intermo- 
dal, y en la mayor parte de los casos forma parte de un centro de 
transporte de carga. Los contenedores se almacenan y cargan 
automáticamente a otros medios de transporte. 


Contenedor 

Para el transporte internacional se utilizan principalmente contenedores 
ISO que miden 8 pies (2,44 m) de anchura y 20 (6,06 m) o 40 pies 
(12,19 m) de longitud (abreviaturas: TEU, Twenty-feet Equivalent 
Unit; y FEU, Forty-feet Equivalent Unit). Otras longitudes —> Ө. El 
contenedor estándar mide 8 pies con 6 pulgadas de altura (2,59 т). 
El High Cube (también denominado HQ, High Quantity) mide 9 pies 
con 6 pulgadas (2,9 m). Las medidas se han fijado de modo que los 
contenedores puedan ser transportados por camión o ferrocarril en 
la mayoría de los países. Para el transporte de carga europeo también 
se utiliza la medida de 2,5 o 2,55 m de anchura (contenedores tipo 
Unidad Europea de Carga Intermodal). La estabilidad de los 
contenedores permiten apilar hasta 9 contenedores (resistencia 
mínima, cuatro contenedores completamente cargados). Existen 
distintas versiones especiales de contenedores, como, р. е}. 
contenedores frigoríficos para mercancías perecederas, contenedores 
cisterna para líquidos o gases, contenedores de automóviles 
o contenedores habitables para alojamientos provisionales. Otra 
posibilidad de transporte intermodal es el embarque de un camión 
completo, con o sin remolque, sobre un vagón especial; para ello 
se necesita una rampa al final del andén para subir el camión al tren. 


@ Parada en un paso а nivel con 
barrera para cambiar de andén 


Los pasos de cruce para pasajeros 
son posibles en estaciones 
pequeñas cuando no pasan trenes 


(3) Estación sobre las vías. Puente 
para los viajeros y el equipaje 


Ц 


=т=: 


Estación centrada debajo de las 
vías. Recorridos cortos, buena 
iluminación de la sala de espera 


Estación a nivel inferior que las vías 
situadas lateralmente. Sala de 
espera entre las vías. Disposición 
apropiada para estaciones 

de transbordo 


Estación término, a ser posible 

al nivel de las vías. Disposición 
adecuada solo para estaciones 
término, ya que en caso contrario 
ocupa demasiada superficie 


i 


A с тие-е-е=== 
„Ж e 


Estación a nivel inferior que las vías 
situadas lateralmente. Túnel para 
viajeros y equipaje. Disposición 
típica de las estaciones alemanas 


Estación entre vías y a nivel inferior, 
amplio acceso y recorridos cortos 
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FERROCARRILES 
ESTACIONES FERROVIARIAS 


Principalmente se distinguen puntos de parada (apeaderos en libre 

recorrido sin cambio de agujas ni edificio de estación) y estaciones 

(mínimo un cambio de agujas para desviar trenes en direcciones 

opuestas o cambiar de sentido). В i 

La denominación de las estaciones depende de la disposición de los 

andenes y de la ubicación del edificio de viajeros. 

1. Estaciones de paso (las más comunes, p. ej., estaciones centrales 
de Colonia o Hannover) — @. 

2. Estaciones terminales (p. ej., estaciones centrales de Leipzig o 
Múnich) > Ө. 

3. Estaciones de cruce a distinto nivel (p. ej., estaciones centrales de 
Osnabruck o Berlín). 

4. Estaciones-ista (edificio de viajeros entre los andenes, p. ej., esta- 
ción central de Halle/Salle) > Ө. 

El trazado de las vías hacia las estaciones dentro de la ciudad se 

realiza a nivel de la calle, sobre taludes con pasos bajo nivel o en 

zanjas y túneles con pasos sobre nivel. Del trazado de las vías se 

deduce el emplazamiento del edificio de la estación > Ф 0, te- 

niendo en cuenta que el soterramiento de las vías es muy convenien- 

te para la ciudad (p. ej., el proyecto Stuttgart 21, remodelación de la 

estación terminal en una estación de paso subterránea aprovechan- 

do el antiguo edificio de viajeros). 


Principios para el proyecto 

Tanto para la obra nueva como para la remodelación, son válidos los 
siguientes principios (orden según importancia): 

1. Funcionamiento seguro y sin accidentes 

2. Sensación de seguridad y bienestar 

3. Fácil orientación 

4. Fácil mantenimiento del edificio 

5. Imagen propia/creación de marca 

6. Belleza del edificio 


Las estaciones de ferrocarril deben estar conectadas a otros medios 
de transporte por caminos peatonales lo más cortos posibles. Los 
metros y los trenes suburbanos deben situarse en lo posible bajo el 
edificio de la estación. El transporte público debe estar lo más cerca 
posible del andén ferroviario. Además de estacionamientos de larga 
duración, tienen que contemplarse paradas para taxis y vehículos 
privados. 

En el vestíbulo de acceso se encuentran los servicios de la empresa 
ferroviaria, como centro de viajes, punto de servicios, zonas de es- 


- pera, sala de descanso (en estaciones grandes) y consignas, super- 


ficies para alquilar a arrendatarios externos. 

Pasos de peatón bajo y sobre nivel 

La anchura mínima para los pasos bajo y sobre nivel es de 2,5 m. 
Las anchuras mayores serán un múltiplo de la anchura de carril 
necesaria para el tránsito peatonal de 0,8 m. La altura libre es de mín. 
2,5 m, bajo equipamientos adicionales también puede ser de 2,25 m. 
Accesos universales 

En caso de contar más de 1.000 pasajeros diarios, debe contem- 
plarse al menos un acceso a los andenes para discapacitados (las 
rampas siempre son accesibles y no requieren mantenimiento). Los 
ascensores deben ser ejecutados con dos accesos 180° (principio 
roll-on y roll-off, primeras entradas-primeras salidas) y con cabinas 
transparentes. Para las medidas mínimas deben tenerse en cuenta 
las ordenanzas locales correspondientes. Un objetivo es facilitar el 
transporte a cochecitos de niños, carros para equipaje y bicicletas. 
Los accesos a los andenes solo están permitidos en sentido longi- 
tudinal a los mismos, con un espacio libre de 1,5 х 1,5 т delante del 
ascensor. 

En el suelo se dispondrán bandas indicadoras de superficie táctil de 
alto contraste y gran resalte que marcan las franjas de seguridad 
de los andenes. En los pasamanos de escaleras y rampas se indi- 
carán los números de los andenes en braille. 
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Medios de 
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FERROCARRILES 


Equipamiento 
de los andenes 


O Acceso principal con punto 
de servicios 
O Acceso lateral/acceso al metro 


Servicio para viajeros de la DS 
(empresa de ferrocarriles alemana) 
08 Lounge, 
Centro de viajes 
Servicio de la estación de la ОВ 
Consigna 
Correo 
Policía nacional 
Empresas de servicios superficies 
de arriendo 
Gastronomía 
Aseos (aseos/duchas) 
Artículos de viaje 
Almacén ө instalaciones 


Pasaje de la estación de 
ferrocarriles de Hannover 


Billetes [1] 


90 40 


13) Medidas de las máquinas 


automáticas expendedoras 
de billetes, aisladas. También 
es posible empotrarlas 


(4) Sistema modular de mobiliario del centro de viajes [08] 
/ 
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FERROCARRILES 
EDIFICIO DE VIAJEROS 


Los edificios de viajeros sirven de conexión del ferrocarril con Otros 
medios de transporte. La gama de servicios que ofrece la Propia 
empresa de ferrocarriles se limita a las prestaciones necesarias рага 
el funcionamiento: venta de billetes, información y consigna, Para 
otros servicios se arriendan superficies comerciales en el área Ce la 
estación > @-@. 


Centro de viajes 
El centro de viajes sirve para el asesoramiento personalizado y la 
venta de billetes. El mobiliario es modular; la unidad de mostrador 


` más pequeña es de 2 х 3 т. Los elementos se suministran comple- 


tamente prefabricados y premontados. El montaje sobre patas ajus- 
tables facilita la adaptación de las instalaciones así como una nive- 
lación de alturas entre el personal que está sentado y el cliente que 
está de pie. El sistema se completa con diversos elementos de re- 
mate > Ө. 

Para los clientes que esperan debe haber una zona suficientemente 
amplia y a cierta distancia de los mostradores. Cuando sea posible, 
organizar varios mostradores con una cola de espera central. Para 
descongestionar las filas se instalan máquinas automáticas expen- 
dedoras de billetes, también para viajes de larga distancia -> Ө. 


Punto de servicio 

El punto de servicio es el lugar central de información entre clientes 
y personal de servicio. Es el punto directo de recepción para los 
viajeros. Para satisfacer las diversas demandas y los casos especia- 
les se desarrolla una familia de productos con tres tipologías base: 
1. Tipo de punto de servicio aislado: de ubicación aislada en edificios 
de viajeros, con diferentes tamaños posibles, modular, en diversas 
situaciones espaciales, para uno a cuatro empleados (para dos lu- 
gares de trabajo, longitud x anchura x altura: 3 x 5 x 3,5 m). 

2. Tipo de punto de servicio integrado: dentro de una fachada/en el 
interior del edificio de viajeros, junto a los mostradores para viajeros 
рага uno a cuatro empleados (longitud х anchura х altura: 2 х 2,6 х 
3,1 m para un lugar de trabajo, cada puesto adicional aumenta la 
longitud en 1,7 т). 

3. Tipo de punto de servicio móvil: como puesto con ruedas para un 
uso flexible en el edificio y en los andenes, cada uno para un em- 
pleado (longitud x anchura x altura: 0,9 x 0,8 x 2,3 m). Los tamaños 
indicados dependen del estado actual del proyecto y pueden variar. 


Escaleras 

La anchura útil de la-escalera debe ser múltiplo de 80 cm (anchura 
necesaria para carril de tránsito peatonal) y como mínimo de 2,4 m 
de anchura libre. Se calcula según el tránsito de personas que se 
esperan y la siguiente fórmula: 


bm= —%- +g 


v-d-t 
Mp personas Número de viajeros en hora punta 
v m/s Velocidad media = 0,65 
а pers./m2 Densidad de tráfico de personas at 
ts Tiempo de abordaje en el andén = 120-180 
am Anchura necesaria 
para tránsito peatonal en doble sentido =0,8 


para tránsito a corta distancia y suburbano = 0,6 


Medidas de escaleras -> pág. 132 y ss. El espacio libre delante de 
la escalera ha de ser 1,5 veces la anchura de la misma. El primer y 
último peldaño deben (el resto pueden) estar marcadas con una 
banda de contraste de 6 cm de anchura. 


Escaleras mecánicas 

A partir de una densidad de pasajeros > 3.000 регѕ.Љ о > 500 per- 
sonas con una diferencia de alturas de más de 8 m se deben con- 
templar escaleras mecánicas. La anchura mínima es de 1 т para 
poder transportar carritos portamaletas + pág. 138 y ss. 


Anchura del andén amin. = а, + 2z + 2 (а-ай) 


ағ Distancia mínima de objetos fijos (por ejemplo, pilares) del eje de la vía 
sobre el andén =3m 
en el borde del andén = 2,5 m 

a, Distancia entre construcciones en el andén y borde del andén bajo consideración de la 
anchura de paso apto para discapacitados y el área de paso a, 
junto a elementos pequeños (p. ej., pilares) mín. a, = a, + 0,9 m 
al lado de construcciones más grandes con un paso сото mínimo тіп. a, = a, + 1,2 т 

аз Distancia del borde del andén al borde de la vía 

Amin, Anchura mínima del andén 

а, Anchura del área de paso 
М < 160 km/h a, = 2,5-1,65 m (para vías rectas) 
160>Vs200km/h а, = 3-1,65 т (para vías rectas) 

aL Anchura libre de la escalera o rampa entre los vagones 

z Anchura de la zanca de la escalera (incluyendo revestimiento) 


Eje de la vía 


Banda indicadora 


para demarcar el 
área de seguridad 


2222222 | - -- Banda indicadora 


Eje de la vía 


11) Anchuras de andén y área de circulación 


| Clasificación 
шкы | А [ar лг ao [o [0102] e] o] 
- | Longitudes 
370 m |320 m|280 т | 210 т | 170 т | 140 т! 120 т 


normales de 

los andenes 
Longitud de andenes А distancias largas, В distancias cortas, С у D puntos de 
parada menores). Tren de айа velocidad completo necesita 405 т, medio 210 т 


13) Andén estándar con marquesinas modelo Zwiesel 
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FERROCARRILES 
ANDENES 


Anchuras 

Los andenes se clasifican según su situación entre centrales (entre 
dos vías) o laterales (con solo un borde de andén). La anchura del 
andén se calcula según la cantidad de pasajeros. Es importante la 
zona de espera, la anchura necesaria para el tránsito peatonal de 
0,8 m y la de la franja de seguridad, que se fijará según las veloci- 
dades máximas de los trenes que circulan > Ф. Las distancias а 
las vías se miden siempre desde el eje de las mismas (el centro). 
Las anchuras mínimas para: 
andén lateral = 2,5 m- 1,65 m + 2 х 0,8 т = 2,45 т 
2 х (2,5 m- 1,65 т) + 2 х 0,8 т = 3,3 m 


Alturas y longitudes de los andenes 

La altura del andén siempre se mide desde la cota superior del 
carril: normal (76 cm), en tráfico de distancias cortas (55 cm) y para 
trenes suburbanos (96 ст). Los antiguos andenes pueden incluso 
tener 38 cm de altura. Las alturas y longitudes de los andenes 
dependerán de sus programas de funciones > Ө. 

Las longitudes pueden ser mayores en algunos casos debido a las 
técnicas de señalización. 


Marquesinas 

Para cubrir los andenes existen tres tipos estandarizados de mar- 
quesinas, cuya elección se efectúa según el tipo de estación y la 
dificultad constructiva. Son más convenientes aquellos sistemas 
que requieren tiempos cortos de construcción (estructuras porti- 
cadas) y escasa cimentación, pues solo afectan durante poco 
tiempo el tráfico de trenes según el horario (los llamados cortes de 
tráfico por obras significan emplear personal de seguridad, asegu- 
rar los pasos superiores y el bloqueo de las vías). La construcción 
de marquesinas se realiza sobre una retícula de múltiplos de 30 cm 
(estándar 9 m) del módulo del revestimiento de suelo del andén. La 
altura libre mínima debería ser de 3,25 m para que quede una altu- 
ra libre de mín. de 2,5 m debajo de los sistemas de indicadores 
suspendidos. Deben respetarse los espacios necesarios para la 
descongestión y la espera, y también las distancias exigidas a las 
vías. Para el cálculo estructural de construcciones superpuestas y 
de los elementos suspendidos de las marquesinas debe conside- 
rarse una carga adicional por al viento que provocan los trenes en 
circulación. 


Sección 
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O Diferentes tipos de asientos, aislados y con cobertizo [09] 


Horario АО Horario АО 
retroiluminado cuadrado vertical 


Medios de 


transporte 


(5) Vitrinas para carteles y horarios. En vitrinas retroiluminadas se iguala la diferencia 
con el formato de papel mediante un paspartú translúcido. El desarrollo de alturas 
FERROCARRILES debe también posibilitar la lectura para personas más bajas. [09] 


Vías 

Transporte 

de mercancías 
Estaciones 
ferroviarias 
Edificio de viajeros 
Andenes 
Equipamiento 

de los andenes 


= 7,625 


(6) Mamparas para proteger contra la intemperie o el viento tipo T-en-U 
para andenes centrales [09] -< 
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FERROCARRILES 
EQUIPAMIENTO DE LOS ANDENES 


Las obras menores con superficies inferiores a 100 m2 no necesi- 
tan aprobación técnica. Por lo general, los elementos de construc- 
ción y de equipamiento deben elegirse obligatoriamente de un 
catálogo de productos optimizados y evaluados en lo que se re- 
fiere a la seguridad, facilidad de montaje y diseño corporativo. 


Raster229 

La empresa DB Station & Service AG ha desarrollado un sistema 
de productos comerciales Raster22 para cobertizos contra la in- 
temperie, mamparas, vitrinas y asientos. Basándose en la retícula 
básica del revestimiento del suelo con losas de 30 cm se deriva un 
sistema de medidas e interfaces (90 y 150 cm). Para pilares y 
elementos de unión se prevé una holgura de 12,5 cm, de modo 
que los espacios restantes de 77,5 y/o 137,5 cm puedan dotarse 
de accesorios como mamparas o vitrinas. Las medidas de las vj- 
trinas se basan en las de los carteles retroiluminados (aprox. 200 
х 136 ст). Las alturas se adaptan a la modulación de los indica- 
dores de 12,5 cm. Mediante este sistema reticulado pueden com- 
binarse diversos elementos constructivos de distintos fabricantes, 
y se facilita la planificación de entregas y cimentaciones. Para los 
asientos existen dos familias de productos, un sistema de bancos 
y otro de asientos individuales. Distintas variantes de anclaje y de 
acabado de los asientos, en alambre de acero de 4 mm para ex- 
teriores (resistente a vandalismo y a la intemperie) y de listones 
de madera laminada para interiores, ofrecen una gran variedad de 
usos posibles. 


©) sistema Raster22, módulos en alzado 


125 1,375 1 0,775 125 


0,9 


15 


к. 


[8] Sistema Raster22, módulos en planta [09] 
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(2) Densidad de aeropuertos (ejemplo: zona del Rin/Meno, Alemania) 


Sistema de “nudos” (sincronización de llegadas y salidas) de un gran 
aeropuerto (hub): n°. de vuelos/h 
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10:00-18:00 horas 
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planeado 


(5) Tiempo de llegada de ios pasajeros antes de la salida prevista. 


AVIACIÓN 
GENERALIDADES 


El mercado de tráfico aéreo 

Con la privatización del tráfico aéreo (líneas aéreas, aeropuertos, 
etc.) se ha creado un mercado complejo con una fuerte competen- 
cia. El segmento de transporte de pasajeros (viajes de negocios y 
vuelos turísticos, en vuelo regular o chárter) se distingue del trans- 
porte de carga aéreo, dividido cada uno en los segmentos nacional, 
europeo e internacional. En cuanto a los aspectos de velocidad 
(tiempos de vuelo, duración de vuelo, velocidad de transbordo) y 
precio se desdibujan las distintas estrategias empresariales de las 
aerolíneas —> @, (р. ej., el modelo “hub and spoke”: grandes ae- 
fopuertos internacionales hubs conectados mediante aviones de 
grandes dimensiones, una red de aeropuertos nacionales aseguran 
la conexión regional). Para tener tiempos de transbordo cortos los 
vuelos están sincronizados en ciertas horas del día en “nudos” 
=> Ө; el modelo de vuelos de bajo coste: aeropuertos económicos 
(bajas tasas aeroportuarias de aterrizaje y despegue) y slots baratos 
(horarios de salida poco favorables) son combinados con aviones 
de tamaño mediano). 

Las fuentes de ingresos tradicionales de los aeropuertos, las tasas 
de aterrizaje y despegue, pasan hoy en día a segundo plano en 
comparación con el resto de ingresos por alquiler de superficies 
comerciales y oficinas en el ámbito del aeropuerto. Esta evolución 
tiene una influencia considerable para la planificación y la arquitec- 
tura de los aeropuertos actuales. 


Acuerdo ICAO Las bases del proyecto para las instalaciones y el 


funcionamiento de aeródromos están reguladas en el 
anexo 14, tomo 1 del acuerdo de la International Civil 
Aviation Organisation (ICAO) como principio de la 
legislación nacional. La ICAO es una organización que 
depende de la ONU y que lleva a cabo la planificación 

de tráfico aéreo civil, con más de 180 Estados miembros. 
Entre las tareas de la ICAO están la estandarización y - . 
seguridad del tráfico aéreo, el desarrollo de 
infraestructuras, así como la redacción de 
recomendaciones y regulaciones. Además le 


corresponde la adjudicación de los denominados 
códigos ICAO — pág. 426 i 
Legislación alemana Contiene condiciones de aprobación para la 

de la construcción construcción de aeródromos. En este caso se trata 
generalmente de proyectos complejos y de impacto 
territorial, para los cuales está descrito un procedimiento 
de evaluación de impacto territorial con requisitos 
adicionales (p. ej., evaluación de impacto ambiental, plan 
de paisajismo) —> pág. 68 


Ley alemana de ruido | Por motivos de las cargas propias de un aeropuerto 


aéreo (ruidos, emisiones, etc.) se someten la construcción y 
el funcionamiento a muchas leyes medioambientales. 


(por ejemplo, ordenanza de aeródromos, ley de acústica 
aérea) р 


© Bases de! proyecto 


Protección del medio ambiente 

En el marco del procedimiento de ordenación territorial, en los pro- 
yectos de aeropuertos deben considerarse muchos aspectos de 
protección medioambiental (evaluación de impacto ambiental, plan 
de mitigación de impactos sobre el paisaje, etc.). Un criterio central de 
evaluación con valores límite correspondientes es, además de las 
conexiones de tráfico, la carga de ruido de las pistas de despegue y 
aterrizaje. En este contexto, se denomina tapete acústico a la super- 
ficie de suelo que durante el despegue o aterrizaje de un avión al- 
canza un nivel de ruido específico según el modelo de avión. 
Además, el funcionamiento diario tienen que ver con una serie de 
cuestiones tecnicomedioambientales, en especial en lo que se 
refiere a la protección contra el ruido (p. ej., mediante regulaciones 
de vuelos nocturnos, política de tasas orientadas a los ruidos, 
medidas para la construcción de protectores acústicos), la protec- 
ción de aguas (p. ej., mediante depósitos de retención de aguas 
pluviales para el control del desagúe de precipitaciones en las áreas 
de funciones aeroportuarias, aplicación restringida de sustancias 
químicas nocivas para el medio ambiente, como los líquidos anti- 


congelantes para aeronaves y superficies), gestión energética y 


medioambiental, y gestión de residuos. 
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AVIACIÓN 
AEROPUERTOS 


Calle de acceso 
a las plataformas 


Calle de rodaje rápida 


Autopista 


Tren suburbano 


Zona central de facturación 


Сайе de rodaje cisi е! 
paralela з Pista de aterrizaje/despegue Terminal 
Terminal 
Ф Esquema de áreas funcionales de un aeropuerto basada en el de Múnich; Clasificación de aeropuertos 
escala арго. 124000 110] El término “aeródromo” es un concepto general para: 


Aeropuertos (con área de prohibición de edificación) 
Aeródromo (según sea el caso, con área parcial de prohibición de 
edificación) 
Campos de vuelo de planeadores, helipuertos 
Los aeropuertos y los aeródromos se clasifican en aeropuertos de 
tráfico o especiales, accesibles para cualquier pasajero o aviador, o 
solo para algún fin especial (р. ej., aeropuertos de servicio, aeroclubes). 
Parámetros para el proyecto de aeropuertos > @ ` 
Sistema de pistas de aterrizaje y despegue: cantidad y trazado 
(distancia) de pistas de aterrizaje y despegue depende del posible 
tráfico aéreo -> pág. 429. 
Terminal: la capacidad de rendimiento del sistema de facturación 
N „Зе (despacho de pasajeros y equipaje o carga por unidad de tiempo) se 
тга % | | 4 i determina mediante los siguientes parámetros: conexión con los 
combustible | = E medios de transporte terrestres (trenes de larga distancia y suburba- 
© то | : 7 nos, aparcamientos, distancia de los accesos rodados preferentes), 
Carga aérea | | } $ despacho de pasajeros (número de mostradores de facturación), 
© Zon еа f Кы 3 Y o despacho de equipaje (cantidad de mostradores y rendimiento del 
ve oa] sistema transportador de equipaje), organización del control de pa- 
sajeros, controles de seguridad, controles de embarque (tamaño de 
las salas de espera, número de mostradores) > pág. 430. 
Plataformas: con este término se designa el área que une las zonas 
de estacionamiento de los aviones, las vías de tránsito correspon- 
dientes (vías de rodaje de las plataformas), las vías para vehículos de 
servicio así como los aparcamientos para equipos de servicio. La 
plataforma conecta las pistas de aterrizaje y despegue y el sistema 
de calles de rodaje con la terminal y, desde el punto de vista funcio- 
nal, está unida a esta. La plataforma y la terminal deben desarrollar- 
se conjuntamente — pág. 431. 
Edificios anexos: el funcionamiento de un aeropuerto requiere distin- 
tas funciones secundarias que deben considerarse en la concepción 
general: administración, mantenimiento, bomberos, carga aérea, etc. 
Superficies de servicios: (non aviation) la distribución estratégica 
de superficies comerciales y sus servicios (hotel, restaurantes, apar- 
camiento, zona de compras, etc.) a las superficies funcionales propias 
de un aeropuerto tiene hoy en día una importancia cada vez mayor 


O Torre de control | i 7 епеіргоуесіо de un aeropuerto —> pág. 430. Ё 
8 OR a Р En Red de tráfico terrestre: la conexión confortable, fiable y temporal- 


@ Zona residencial mente calculable de un aeropuerto con la red de transportes terres- 
tres (intermodalidad) es decisiva para la capacidad funcional del 


13) Aeródromo de Schwerin=Parchim [11] (no apto para fines de navegación) tráfico aéreo. 
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AVIACIÓN 
PISTAS DE DESPEGUE Y ATERRIZAJE 


Las pistas de despegue y aterrizaje (runways, abreviado RWY) sirven 
para la aceleración de los aviones al despegar y/o para el frenado al 
aterrizar. La dirección, la longitud/anchura y la cantidad se determi- 
nan según los siguientes factores: 

La dirección depende del viento y de las condiciones topográficas 
locales. Debe lograrse que el aeropuerto pueda ser sobrevolado 
hasta un 95 % del tiempo. Una presencia continua de fuertes vientos 
puede hacer necesaria una segunda pista de aterrizaje y despegue 
con sus correspondientes equipos — Ө. 

La cantidad depende del volumen de tráfico, la distribución parale- 
la con una distancia entre ejes de 1.310 m es óptima para despegue 
y aterrizaje simultáneos y se alcanza la máxima capacidad -• Ө. 
La longitud/anchura se determina según el modelo del aeroplano 
tipo, por las condiciones locales climáticas y topográficas, como 
temperatura, presión atmosférica (análoga a la altura del aeródromo), 
pendiente del terreno, etc. (aeropuertos mayores, pistas de aterri- 
zaje y despegue de hasta 4.000 m de longitud y de 40-65 m de 


Zona de limitación de la edificación para un aeropuerto con una pista 
de aterrizaje instrumental 


e eta princi Distribución de los vientos anchura). Por ambos lados y en conexión con pistas de aterrizaje y 
ә. RRA TE despegue se deben disponer zonas de protección de pista o li- 
ТЗ T mitación de edificación — @. Cada país tiene su autoridad nacio- 
м = nal de aviación civil, competente para otorgar licencias de construc- 
23 ж ciones еп esta zona. Adicionalmente son obligatorias las superficies 
5 = limitadoras de obstáculos -> 6) dentro de las cuales existen res- 
52 on tricciones para la construcción de edificios. 
НА 01 Las pistas de aterrizaje y despegue se denominan según su orienta- 
19 = ción (еп décimas de grados), еп el caso de una distribución en pa- 
R с ralelo se agrega además R (right) L (ей) y/o С (center). Las marcas у 
HE sa 02 las balizas codifican los distintos tramos, ejes centrales, anchuras 
Es ( " y capacidades de carga de las pistas. El sistema de calles de rodaje 
A 200180 4 % sin viento de un aeropuerto se desarrolla de forma que la pista de aterrizaje y 


despegue pueda despejarse lo más rápido posible después del 
aterrizaje (calles de rodaje rápidas) y se alcance la posición de esta- 


Ejemplo de rosa de los vientos y datos eólicos 5 © А 5 А 2 
cionamiento lo más rápido posible y рог el camino más corto. 


pista de aterrizaje y 
despegue (RESA) 
l = mín. 90 m 


Espacio libre de obstáculos de las pistas de aterrizaje y despegue 
con funcionamiento de instrumentales en el vuelo (como ejemplo de pistas 


de precisión según CIAO, anexo 14 código 3/4) 


b = 300 т 
I = longitud de la 
pista + 2 x 60 m 


200.000-— 265.000 


VFR: Condiciones de vuelo visual 
IFR: Condiciones de vuelo instrumental 


O Capacidad de los diferentes sistemas de pistas de despegue y aterrizaje 


429 


Capacidad horaria 
Superficie.de Р 
ерлей ун Superficie Pistas de despegue Tráfico anual 
i= 15.000 т de despegue y aterrizaje 
а = 300/4.800 т 1 = 15.000 т Movimientos/hora Movimientos 
Inclinación 1:50 а а? ка Ы ООП т 
с! F 
кф A 1-0 50-59 195000-240.000 
56-60 260.000- 355.000 
Sección longitudinal A-A 
Superficie cónica 
Inclinación 1:20 103-197 62-75 275.000-365.000 $ 
oe araa hasta una altura de h = 100 m Medios de 
a= longitud Superficie interior transporte 
de la pista +—, horizontal 
2х 900 т г = 3.600 т 
h = 45 m sobre alt. 
атро aterrizaje 99-119 305.000-370.000 AVIACIÓN 
Generalidades 
Aeropuertos 
Pistas de 
despegue 
y aterrizaje 
Terminal 
Plataformas 
56-60 220.000-270.000 Aviones 
inclinación 1:7 
hasta h = 100 m 56-60 215.000- 265.000 
| superficie Р 
de remate de Superficie 
seguridad de la de transición 72-98 56-60 
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©) Esquema de funciones de una Terminal GE ао terrestre T = tránsito de pasajeros 


Zona de espera 
Restaurante/compras 


Equipaje 


Para la planificación de una terminal deben coordinarse relaciones , 
técnicas y funcionales complejas —> @ (delimitación de áreas pú- 
blicas y seguras, organización y dimensionado de superficies de 
facturación, zonas de tránsito y de espera, sistemas transportado- 
res con trazados de varias plantas) con una gran variedad de exi- 
gencias adicionales. La extensión y el programa dan cualidades 
urbanísticas a la planificación. 


Asistencia en tierra 

El término de asistencia en tierra engloba todos los contactos con 
clientes y servicios de facturación desde el control de seguridad 
hasta el embarque al avión. La asistencia en tierra se realiza en 
pasos fijados — @ y se lleva a cabo por la propia aerolínea o por 
una empresa encargada (handling agent). El principio de la asisten- 
cia en tierra es garantizar que ningún pasajero o equipaje sin 
controlar tenga acceso a un avión y/o que no puedan encon- 
trarse pasajeros controlados y no controlados. Otro aspecto 
importante es la separación de pasajeros de vuelos nacionales e 
internacionales (regidos o no por el tratado de Schengen). Los 
distintos niveles de seguridad según los distintos países de origen 
o de llegada, así como de pasajeros con vuelos en tránsito dentro 
del aeropuerto, forman una gran cantidad de recorridos paralelos 
y de controles de seguridad con sus respectivas esclusas (y tiem- 
pos de espera). Para que un aeropuerto pueda competir en el 
ámbito internacional, la velocidad de facturación y de transbordo 
son unos criterios importantes, por lo que se deben efectuarse 
rápida y directamente. 


Terminal de dos plantas con calle de acceso ~-~- Recorrido desembarque 
en planta baja. Disposición típica de los niveles --- Recorrido embarque Ф" 
de recepción en un aeropuerto ~-= Equipaje Non aviation 


Non aviation abarca todos los aspectos comerciales de un aero- 
puerto que no están directamente vinculados con la aviación (hotel, 
Restaurante centro de congresos, tiendas, restaurantes, etc.). 
En los grandes aeropuertos, las ganancias del non aviation sobre- 
pasan a las de las tasas de aterrizaje y despegue. Por ello, la orga- 
nización de la terminal se mueve en un campo conflictivo entre los 
procesos funcionales (tramos y tiempos de transbordo cortos) y las 
[сд . superficies de servicios y comercio estratégicamente ubicadas, así 
como, en medida creciente, los hoteles, los centros de congresos 


y otras instalaciones secundarias. 


Salidas 


Calle de dos niveles/conexión con el tren suburbano 
Terminal de tres niveles con nivel técnico 
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Escalera integrada 


Camión-escalera para pasajeros 


Altura graduable al 
suelo de la cabina 


Pasarela giratoria y telescópica 


11) Escaleras para pasajeros (gangways) y pasarelas 


Sistema de accesos, 
Eje de ampliación 


A A 


(2) Concepto lineal con satélites 


Contenedor de carga 


Elevador de 
contenedores 


Transportador 
de contenedores 


Abastecimiento de 
combustible subterráneo 


(5) Vehículos y equipos de servicio en la plataforma 


AVIACIÓN 
PLATAFORMAS 


Terminales: conceptos 

Las terminales de pasajeros se diferencian según la organización 
de las posiciones de estacionamiento de los aviones y la comuni- 
cación entre ellas y con el edificio. Aparte del rendimiento y la su- 
perficie necesaria, un criterio importante para el diseño de la termi- 
nal es la posibilidad de ampliación. Se han impuesto conceptos 
modulares para los nuevos proyectos de aeropuerto: son frecuen- 
tes los llamados conceptos lineales con satélites; es decir, una 
terminal (principal) lineal conectada a través de pasos subterráneos 
о puentes a otras unidades satélites también lineales — Ө. El 
embarque desde los edificios al avión se efectúa generalmente por 
pasarelas de acceso —> @. Una variante más económica pero 
menos eficiente (superficie de estacionamiento) es la que facilita el 
acceso del edificio al avión mediante autobuses —> Ө. Además 
existen muelles con un edificio de recepción central -» Ө. Entre 
dos o más muelles debe haber suficiente espacio intermedio para 
la circulación simultánea de, como mínimo, dos aviones, lo que 
conlleva largos recorridos correspondientes. 


*"Apárcamiento ` 
(3) Sistema mediante transportadores 


Conexión al transporte 


Баты ЕЕ Terminal 
lor ++ кан 


Muelle 


о Concepto де muelles 


Plataforma 

La plataforma incluye superficies para el estacionamiento de aviones, 
las de circulación correspondientes (calles de circulación en plata- 
forma), vías para el tránsito con vehículos de asistencia en tierra, 
así como aparcamiento para equipos de apoyo a la aeronave. La 
señalización y el dimensionado de las vías de servicio son de gran 
importancia para un funcionamiento del aeropuerto eficiente y seguro. 
Las vías de servicio posibilitan una conexión directa y segura entre 
la plataforma y otras zonas operativas del aeropuerto, con un míni- 
mo de cruces con aeronaves en movimiento u otras funciones. Las 
vías de servicio pueden ser trazadas delante o detrás de las posicio- 
nes de las aeronaves, así como al lado de los extremos de las alas. 
Si su recorrido pasa por debajo de pasarelas, es necesario un gálibo 
correspondiente para todos los vehículos de servicio. Debido al 
gran alcance de la mecanización y el uso de contenedores para la 
facturación en aviones, se debe disponer una superficie suficiente 
para el estacionamiento de vehículos y equipos de facturación. 
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32,85 —— > 40,35 ————=> 7,54 Е 
| | 


H—» 40,35 > 40,35 —— 
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Protección acústica 


6) Estacionamiento nose-in 
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64.94 


Linea de seguridad 


Vehículos de servicio 
en tomo ai avión 


Pista de rodaje 


21,69 


AVIACIÓN 
AVIONES 


Con el acuerdo de la International Civil Aviation Organisation (ICAO), 
anexo 14, se clasifican los aviones en categorías de aeronaves, que 
son denominadas con las letras A-F. 


Categoría A Aviones pequeños y deportivos 


(Piper, Cessna, etc.) 
Categoría В RJ 100 
Canadair RJ 


ATR 72 
F 50/ F 100 

Categoría С Airbus A 319/ A 320/ A 321 
Boeing B 737 


MD 80 


Airbus A 300/ A 310 
Boeing B 767 
MD 11 


Airbus A 330/ A 340 
Boeing B 747/ B 777 


Airbus A 380 


Categoría D 


Categoria E 


Categoria F 


Q Ejemplos de aviones de las categorías de aeronaves A-F 


! | | 
——— 54,9 ———25,62-— 29,28—— 54,9 —— 


Calle de abastecimiento 


-22,214——— 54,9 
29,82 —+-——— 72,91 


54,9 ——-22,21 
76,57 ————-+—29,82 = 


(3) Estacionamiento típico de aviones 


Estacionamiento en ángulo 
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© Estacionamiento nose-in en ángulo 110) 
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13) Anchura para portadores de féretros 


Medidas de un coche fúnebre. 
Anchura 1,79 т 


È 5 t 3 
Visitas y transp. | >" Visitas Visi {от 
2,5.! I ! isitas ! 25 


Өө ө 


| de féretros | + | | 5+ 
pl] 1 | azs 
55 + Transporte | | Transporte | + 
E | de féretros | ЖЕ к. féretros | 3,5 
| ү” 
| | 


| Visitas ! 
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Diferentes tipologías (7) 
Ө y 17) de un depósito de cadáveres 
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Púlpito 


Familiares 


Sala de congregación 
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Sala de congregación 
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Horno detrás de la saia 
de congregación, separado 
por una esclusa 


Esquema parcial de crematorio 
con horno debajo de la sala 
de congregación 


Coches funerarios (y desinfección) 


m 
Familiares Viviendas 


Depósito de cadáveres 


Trabajadores 
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Esquema de las relaciones funcionales en un depósito de cadáveres 
con crematorio y salas auxiliares para una gran cementerio 


O 


CEMENTERIOS 
TANATORIOS Y CREMATORIOS 
Las dimensiones de las umas cinerarias están determinadas por el 


` reglamento de cementerios —> Ф. Las casillas murales en las salas 


de urnas suelen medir entre 38-40 cm de anchura y profundidad, y 
entre 50-60 cm de altura. | 

Los féretros se ajustan a las medidas del difunto. Los cadáveres se 
suelen amortajar en unas celdas del depósito de cadáveres, separadas 
entre sí por mamparas ligeras de media altura (chapa o setos) > Ө. 
En las grandes instalaciones el pasillo para el transporte de cadá- 
veres es independiente del pasillo para los familiares — Ө, que 
pueden contemplar al difunto a través de una vidriera estanca al aire, 
hasta el momento del sepelio. Mediante pilastras o elementos sa- 
lientes se evitan molestias entre los diferentes grupos de familiares 
— Ө. Sin embargo, en las nuevas construcciones no suele cons- 
truirse un pasillo especial para los familiares, o sea que responden a 
la tipología > Ө. 

Dimensiones usuales de las celdas: 2,2 x 3,5; 2,5 x 3,75; 3 x 3,5 m. 
La temperatura en el depósito de cadáveres debe estar comprendida 
entre 2 °С y 12 °С, nunca debe ser inferior, porque la congelación 
provocaría dilatación de los cadáveres y podrían llegar a reventar. 
Estos márgenes de temperatura se deben mantener mediante un 
sistema de calefacción y refrigeración adecuado, con una ventilación 
permanente, sobre todo en verano. El pavimento del depósito de 
cadáveres debe ser impermeable, liso y fácil de limpiar; lo mejor es 
pintar las paredes con cal para poder blanquearlas con frecuencia. 
Los grandes depósitos necesitan además: 1 sala para el conserje y 
empleados de 15 a 20 m?, con un aseo incorporado; un almacén 
para los carritos de transporte de ataúdes (2,2 x 1,08 a 3 x 1,1 m). 
El crematorio puede situarse en la planta sótano, con una platafor- 
ma para bajar y subir los féretros, pág. 435 > Ө. 

En la cámara del crematorio se traslada el féretro del carrito de 
transporte a la vagoneta que deposita el ataúd en el horno sobre una 
rejilla refractaria > Ө o detrás de la sala de acompañamiento, se- 
parado por una esclusa > Ө - Ф y pág. 435 — O. 

La manera más sencilla de transporte horizontal se efectúa median- 
te cabestrantes manuales, mientras que los ascensores hidráulicos 
son el sistema más sencillo para el transporte en vertical. La puerta 
a la esclusa o el registro en el suelo deben cerrar lentamente a me- 
dida que el féretro desaparece. 

La incineración se realiza en hornos especiales calentados con co- 
que, electricidad (se necesitan unos 45 kW por incineración) o gas. 
Deben ser completamente estancos al polvo y al olor, y funcionan 
con aire seco a una temperatura entre 900 y 1.000 °С, de manera 
que la llama no toque el cadáver (los hornos de dos pisos miden 
4,3 m). El horno se calienta previamente durante 2-3 horas; la in- 
cineración dura entre una hora y cuarto y una hora y media. Las 
cenizas se recogen en una caja de acero y luego se colocan en la 
urna de conservación. El horno lleva unas mirillas para observar 
la marcha de la incineración. Las instalaciones de incineración se 
sitúan, a ser posible, detrás de la capilla del cementerio que sirve 
para los oficios (por.ello se necesitan varias salas para los sacerdo- 
tes). El tamaño de las salas para los familiares y acompañamiento es 
variable, por lo general, < 100 plazas sentadas y 100 plazas de pie, 
además de 1 o 2 salas para familiares que, en su caso, pueden sepa- 


‚ rarse de la sala de reunión y otras salas auxiliares necesarias — @. 


Es conveniente una comunicación con las salas de mantenimiento, 
que comprenden: despacho de dirección; 2-3 oficinas, 1 almacén de 
féretros, viviendas para un empleado administrativo y el guardián 
del cementerio, calefacción, una sala para el jardinero, y a veces otra 
para el arquitecto paisajista, una sala de descanso para los trabaja- 
dores, aseos, almacén de herramientas y semillas, etc. 
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(3) Plantas típicas de velatorios 
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CEMENTERIOS 
SEPULTURAS, CAPILLA DEL CEMENTERIO 


Equipamiento generai 

Plaza de reunión para las personas en luto. Punto de venta de 
coronas y flores, aseos. Nivel freático > 2,5-3 m, según sea el caso, 
con drenaje. Son necesarias tuberías de agua para regado frecuente, 
El mejor aprovechamiento de las superficies se consigue con са- 
minos rectilíneos y una compartimentación en grupos que com- 
prenden sepulturas de tamaño homogéneo, como, р. еј., zona de 
urnas, de niños y de adultos — tabla Ө. 

Dimensiones de los sectores de grupos: 30 x 30/40 x 40 m. 

Las plantaciones de árboles y arbustos son generalmente elemen- 
tos importantes de diseño: franjas de bosque dentro de los confines 
del terreno, grandes árboles como remate o en entorno del terreno, 
grandes setos o grupos de arbustos ayudan a orientarse. 
Sepulturas y lápidas 

En un sector de sepulturas sin setos, solo lápidas sobre el suelo о 
en vertical, de tamaño у color generalmente homogéneos. 


Sepultura sencilla 100-105 40-45 9-10 
Sepulturas dobles con plantación 120-125 50-55 10-12 
Sepulturas de 3 plazas en sitios adecuados 120 150 13-15 


Las sepulturas en tierra-están situadas en los caminos principales, 
muros del cerramiento o remates de caminos. 

La zona de urnas se sitúa en franjas de plantas, en arboledas con 
urnas o setos. 

Profundidad de excavación 

Para tumbas en hilera de adultos: 2-2,4 m 

Niños hasta 10 años: 15m 

Niños hasta 3 años: 1т 

El túmulo, antiguamente de entre 25 у 30 cm de altura соп cerco 
de piedra, actualmente de 15-20 cm de altura con bordes en pen- 
diente o completamente a ras. 

El tamaño y la ocupación de las sepulturas en los cementerios es 
muy variable. Como orientación sirven los siguientes valores: 


Duración 
de utilización 


* depende del tipo de suelo 


© Tamaño y duración de uso de sepulturas 


Columbario 

Es posible conservar las urnas (cuando no se entierran) en un 
columbario después de la cremación. Este puede ser un local (sala) 
o un muro con nichos para depositar las urnas Ө. 

Capilla del cementerio 

Sirve para todas las confesiones (por ello, hay dos cuartos para 
párrocos) y es un elemento arquitectónico de gran importancia 
dentro del cementerio. La situación central normalmente solo se 
produce en grandes cementerios; en cementerios pequeños O 
medianos la capilla está ubicada en el acceso o al final o lado de 
un camino principal. 

Velatorio 

Es el punto central de la capilla del cementerio. En el desarrollo de . 
las celebraciones fúnebres, la tipología en planta — @ respecto а 
las salas restantes tiene una notable importancia. 
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Sótano con crematorio 
(2) Crematorio Baumschulenweg, Bertin Агаз.: Schultes Frank Architekten 


Administración 


д Sala de celebraciones 
Espacio común de urnas 
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15) Cementerio como unificación de arquitectura y paisaje cultural. Cementerio 


Ө Cementerio como parque geométrico. Gertraudenfriedhof en Halle (Saalle) del bosque, Estocolmo Arqs.: Erik Gunnar Asplund, Sigurd Lewerentz 
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(5) Lineas y puntos de intersección 


Aspectos verticales 
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ө Superficies de materiales 


PROYECTO, CONSIDERACIONES Y CONCEPTOS 


El concepto paisajismo contiene dos elementos aparentemente 
contrarios. Tradicionalmente, el paisaje se asocia a la naturaleza 
intacta, mientras que la planificación es aparentemente un proceso 
alejado de lo natural. 

Debemos constatar que lo inalterado apenas aparece en el plane. 
ta, o solo como algo temporal; es decir, un terreno abandonado, 
que solo se labra mediante esporádicas intervenciones. 

Las tierras labradas y las urbanizadas no se encuentran hoy en día 
en una relación dialéctica intensamente interrelacionadas, sino que 


hablamos de paisajes urbanos. 


Esto también ha generado en el paisajismo un modo de pensar en 


.el espacio comparable con el proceso de creación arquitectónica 


y urbanística. 

Las composiciones estéticas del paisaje ya no se orlentan hacia 
soluciones clásicas de jardines ni rodean los edificios ton la vege- 
tación como un complemento decorativo, sino que ahora se trata 
de soluciones espaciales que configuran una unidad inseparable 
con el edificio o la planificación urbana. 

Esto significa que, desde el primer momento, al igual que el inge- 
niero de estructuras o el especialista en construcción, los paisajis- 
tas están integrados en el equipo del proyecto. 

Son fundamentales: 

Aspectos horizontales 

Como aspectos horizontales se contemplan la distribución general 
de superficies exteriores en concordancia con su entorno. Esta 
configuración básica según los criterios como idea, función, diseño 
y forma pueden abarcar resultados horizontales (pavimentos, pra- 
dos, etc.) al igual que verticales (edificios, árboles, pérgolas, etc.). 
Según los casos, las ideas pueden interrelacionarse, repetirse, 
contraponerse o proyectar superposiciones de varios contenidos. 
Los exteriores pueden servir de continuación o contraste de ideas 
o materiales de un edificio. Lo ideal es desarrollar una idea principal 
sin limitaciones funcionales y con un diseño legible. 

Aspectos verticales 

Los aspectos verticales de la concepción de exteriores se deducen 
de los aspectos básicos horizontales. Además de la elección de los 
materiales, deben considerarse también las relaciones espaciales 
en el entorno inmediato. Las relaciones espaciales serán diferentes 
si el terreno se encuentra еп un valle o sobre una loma. 

Desde la cima de un alto o sobre una superficie amplia, una cubier- 
ta, un objeto, un refugio o algo similar transmiten una sensación de 
definición del espacio. Los árboles de las calles reducen la altura 
de los edificios a una escala más humana y crean pequeños ámbi- 
tos dentro de los espacios más amplios. Los aspectos verticales 
deben tener una relación coherente tanto desde el punto de vista 
de lo constructivo como de la vegetación, de modo que se integren 
sin problemas en la idea de paisajismo. 

Formas de representación 

Para la elección de la representación gráfica en planos o dibujos, 
las fases del proyecto juegan un papel fundamental. En el antepro- 
yecto y en el proyecto básico aún puede rematarse la presentación 
del proyecto con croquis a mano alzada y сот dibujos. En esta 
etapa tienen la mayor importancia las formas de representación 
gráfica. Un croquis a mano alzada (sea en dos o tres dimensiones) 
hecho rápidamente en una reunión con el cliente puede aclarar 
convincentemente algunos temas abiertos. 

En el desarrollo de detailes y en los planos de construcción prima 
una representación funcional de las estructuras y elementos cons- 
tructivos. 

El tipo de representación tiene también que ver con el concepto de 
diseño. Por ejemplo, si se trata de un diseño minimalista, no se 
optará por una representación detallada de árboles u otras especies 
vegetales. Como complemento a la idea propuesta, pueden pre- 
sentarse imágenes escogidas estratégicamente con asociaciones 
de los contenidos del proyecto. 
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Escalonamiento de la tierra 
cohesiva del núcleo 


Vertido de tierras encima del nivel 
del suelo 


Capa superficial 
Buena tierra de relleno 


Tierra de relleno 


Vertido de tierras encima de 


superficies de poca pendiente Өө Vertido por capas 


Tipo de suelo [Grupo de suelo Descripción 


(DIN 18296) 


Ejemplos 
Capa superior de suelo aparecido 
naturalmente o mezcia tratada 
artificialmente; contiene además de 
materias inorgánicas, humus y seres 


Capa superior ¡OU; ОН 
vivos, 


Tipos de suelo |HN; HZ; F; OU; OT; [Suelos con consistencia pastosa hasta 
fluidos OH; SU...GT con líquida que difícilmente liberan su alto 
lc < 0,5 contenido de agua. 


GW; GE; Gl; SW; SE; [Suelos no cohesivos, suelos con 
Si; 80; ST; GU; GT; |d < 0,06 тт < 15 % y d = 63 mm 
HN (bajo contenido |< 30 %; suelos orgánicos firmes. 


UL; UM; TL; SU; ST; 
си; GT 


Suelos mixtos con d < 0,06 mm 2 15 % 
y = 63-300 mm < 30 %; suelos 
cohesivos con plasticidad ligera a 
mediana. 
Suelos clase 3 y 4 con d = 63-300 mm 
> 30 % o d = 300-600 mm < 30 %; 
arcillas de plasticidad pronunciada 
con le > 0,5. 
Suelos clase З hasta 5 con 
d = 300-600 mm > 30 %; quebradizos, 
desechos, lajables, blandos o tipos 
de roca o suelos sueltos solidificados. 


Tipos de roca solo ligeramente 
desechos, unidas mineralmente; 


(5) Clasificación de suelos según DIN 18300 


Talud natural 


en grados 
Terraplén esponjoso y Seco .................... 
esponjoso, con humedad natural ........ 
esponjoso y saturado de agua .......... 18 27-30 
арївопайо Y зесо.................... 17 42 
apisonado y con humedad natural ....... 19 37 
Tierra esponjoso y seco 
arcillosa (valor medio para suelos ligeros) ........ 15 40-45 
esponjoso, con humedad natural ........ 15,5 45 
esponjoso y saturado de agua 
(valor medio para suelos medios)........ 20 20-25 
apisonado Y IO o csi nro aca an su 18 40 
apisonadp y con humedad natural 
Grava (cañtos rodados), de grano medio y seca. . 


de g medio y húmeda 


Arena fina y seca 
fina yi con humedad natural, 


fina y 'saturada de agua 


Cascotes, húmedos 


esponjosa y seca ............... ө жө 
езрой[оза y saturada de agua 
compacta y con humedad natural 
(suelo pesado) 


Arena y cascotes secos 


Ө езоухаша natural de diferentes tipos de suelo DIN 1055-2. 


MOVIMIENTO DE TIERRAS 
SUELOS 


Por to general, las superficies de suelo modeladas se perciben como 
agradables e interesantes y pueden influir intensamente en la sen- 
sación del espacio. El ojo humano busca vistas y puntos de detención 
en el exterior. Como ejemplo pueden servir los amplios paisajes de 
colinas con praderas, campos y árboles aislados. Todo ello puede 
conseguirse con construcciones verticales o plantas, así como tam- 
bién con movimientos de tierras expresamente planificados. 

Las superficies cubiertas homogéneamente (prados, plantas rastre- 
ras de la misma altura, pavimentos) con puntos de atención más 
profundos hacen que los espacios parezcan más grandes, así como 
también el modelado del suelo en ondas o colinas amplía el espacio. 
Según sea su situación, también se logran sinergias económicas en 
la gestión del movimiento de tierras. 

Definición de suelos 

El suelo es la capa exterior de la corteza terrestre cubierta por orga- 
nismos. El suelo puede dividirse generalmente en capa superficial 
y en subsuelo. Mientras que la capa superficial casi siempre es de 
color oscuro, intensamente viva y atravesada por raíces, el subsue- 
lo es frecuentemente claro, menos vivo, con menos raíces. 

El subsuelo llega a la profundidad en la que aun es posible recono- 
cer seres vivos y/o muestras de corrosión o crecimiento de raíces, 
hasta el afloramiento de roca. * 

Una clasificación del suelo puede encontrarse en la tabla según DIN 
18300 — Ө. Una simple determinación de suelos se representa en 
las normas DIN 18196 y DIN 4022, con las que puede efectuarse una 
rápida clasificación de los suelos recurriendo a aspectos visuales, 
pruebas de olor y de maleabilidad. 

Consolidación de la capa superficial del suelo 

En construcciones, mediante el vertido de tierras en acopios => @. 
Cuando estos no están a la sombra, deben recubrirse (con mantas 
de hierba, paja, etc.) para evitar que se desequen. Si el almacenaje 
será largo, puede plantarse y abonar para consolidar el suelo. Los 
vertidos de capa superficial deben cambiarse de lugar como mínimo 
una vez al año agregando 0,5 kg de cal viva en cada тз. 

En contenciones de tierra son necesarias medidas de compactación 
si inmediatamente después de finalizar trabajos de movimiento de 
tierras se ejecutan las obras de paisajismo, sembrado de césped и 
otras plantaciones (de especial importancia en el trazado de caminos 
y plazas). 

1. Apisonar la tierra con máquinas (aplanadoras) compacta suficien- 
temente los terraplenes vertidos por capas. 

2. Regar con agua y barro solo en caso de tener un buen material 
de vertido (arena, gravilla). 

3. Compactar capa a capa con rodillo en suelos cohesivos (altura 
de vertido por capa 30-40 cm). Apisonar siempre de afuera a dentro; 
es decir, del talud al centro de la superficie. 

4. Siempre es posible apisonar o percutir en los suelos firmes. 

5. Puede vibrarse el material del terraplén suelto, no cohesivo. 
Para todos los trabajos de compactación también debe tenerse en 
cuenta el uso posterior. Para caminos y plazas es necesaria una 
compactación hasta la última capa superior, mientras que en los 
prados se necesitan 10 cm, para superficies ajardinadas 40 cm de 
suelo suelto en la superficie. 

Taludes y su consolidación 

Para evitar una erosión excesiva, deslizamientos y corrimientos de 
tierras, se afianzan los taludes de cualquier material de vertido me- 
diante un terraplenado por capas. Dando un perfil dentado al suelo 
consolidado — Ө se evita la formación de superficies de desliza- 
miento para las tierras más sueltas del relleno. El ligero escalonamiento 
del subsuelo > © cuando debe verterse una gran cantidad de tierras 
proporciona una seguridad adicional frente a los corrimientos de 
tierras (anchura de los escalones > 50 cm). Si la pendiente de estos 
escalones está orientada hacia la ladera, debe preverse una pen- 
diente longitudinal para que pueda desaguar el terreno en caso 
de lluvia. 
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Desviación de la altura ideal 
(nivel acorde al estrato) 


sin requisitos | зіп requisitos 


+3cm 
+2 cm 


— Bajo firmes sin cohesionar 

— Bajo firmes cohesionados 

— Explanada de la solidificación 
del suelo 

— Altura de la corona de los taludes 
para protección acústica 


+2cm 


debe cumplirse 
teniendo en cuenta 
asentamientos 
posteriores 
Llanura de la explanada 

(desviaciones bajo las reglas de 4 m) 


— En recubrimientos de capas 
cohesionadas 


— En recubrimientos de capas no 
cohesionadas 


— Explanada de solidificación suelo 


Pendiente transversal de explanada: 

— Sin solidificar, suelo insensible al 
agua 

— Suelo sensible al agua 


sin requisitos <2ст sin requisitos 


sin requisitos sin requisitos 


sin requisitos 


sin requisitos 
sin requisitos 


Minimo igual 
que la del firme | el firme 


Exigencias de precisión para las alturas de zonas niveladas en movimientos de 
tierra, según las directrices alemanas de construcción de carreteras ZTVE-StB, 
ZTV-LW y RLW [01] 


Campo de aplicación Directriz aplicable 
ZTVE-StB 
Módulo de deformación Е 


Clase de construcción SV, | | Zona nivelada 120 MN/m? | 100 MN/m2 
hasta IV según la AStO resistente a 

heladas 
(от аьа de construcción У hasta 
(от аьа según іа AStO 
Clase de construcción SV Zona nivelada 45 MN/m? 
hasta Vi según la RStO sensible a 

heladas 


Caminos rurales: 
— Muy poca carga де tráfico 
o vial secundario o refuerzo 
de la capa portante Sin indicaciones 
— Carga de tráfico promedio | para al tipo de 
(corresponde a clase VI 
según la RstO) 
— Alta carga y vial principal 
(corresponde a ciase VI 
según la RStO) 


Tipo de suelo 


Exigencias mínimas para la resistencia de suelo de las zonas niveladas según 
directrices alemanas (01] 


Campo Influenciable 
de aplicación 


Sustitución de suelos 
Geotextiles 

Tierra armada 

Desagúe 

Rebaje del nivel freático 


Solldificar, soltar 
Cambio distrib. áridos 
Calentamiento 
Congelación 
Ósmosis eléctrica 
Inyección: líquidos 
gases 
Mezclas: químicos 
adh. hidráulicos 
adh. bitumin. 


Mét. const. | Siembra 
de tapado | Métodos constructivos 
prefabricados (prados) 
Mét. const. | Plantación de bosques 
estable | Porcentaje de plantas 
susceptibles de brotar 
Mater. construct. inertes 
Estab. suelos 
vegetación | Siembra 
+ método común/buen efecto 
0 método utilizado ocasionalmente/efectivo bajo circunstancias 
- método по utilizado/sin efecto 


t «+4 04 + + + | Construcción de paisajes 


1. tt|t++ о++ ‹ оо Обгаѕ de nivelación 
sta ++ а о + [Material de contención 


+ 1 104 0+ 1 + 4]Suelos nivelados 


ros +4 ]444+>0+0:1 + +} Terenos de construcción 
aas +a s а з 4/Trabajabliidad, proceso instalación 


++++++ ++ ++ + + + + + Capacidad portante 
Ol+++++]+ +++ + + + о + Estabilidad, pendiente 
баз ++i + 4 o. + [Erosión superficial. 


vastos + + +|Suffosión 
aas s4: 1 + + ++Erosión de contacto 


¿JO+ 000): + ++ 104 + + Permeabilidad 


jor ooo. +1 ++: +. 1.4 + |Capilaridad 
sor ooo|+ ++. ++0+ : + + [Sensibilidad a heladas 


+++ а «о, + ++ ++ + + + | Movimiento de tierras 


Biológico 
++ Ot 


+ 


Leyenda: 


Métodos para el mejora o solidificación de suelos, campos de aplicación 
y cualidades del suelo influenciables [01] 
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MOVIMIENTO DE TIERRAS 
SUELOS 


Suelo nivelado 

Se realiza normalmente después de retirar la capa superficial y los 

obstáculos. Debe cumplir las siguientes exigencias: 

1. Consolidación de la situación acorde a la estratificación del 
suelo (a corto y a largo plazo). 

2. Consolidación de la evacuación de aguas. 

3. Consolidación del grado de compactación. 

4. Consolidación de la capacidad portante y resistencia a las cargas 
del tráfico. 

Los suelos nivelados en obras de explanación deben cumplir ciertas 

exigencias respecto a los grosores — Ф, que deben comprobarse 

en cada caso. Además, las superficies de soleras y explanadas deben 

cumplir distintos grados de compactación según el tipo de uso. 

Cada grado de compactación será calificado, por ejemplo, con el 

modulo de deformación EV2 — Ө y se diferencian según la situación 

del terreno existente y las cargas del revestimiento planificadas. 

Mientras que en los movimientos de tierras y obras en viales para 

tráfico rodado el suelo nivelados debe describirse, en superficies 

para vegetación se distinguen generalmente suelos nivelados en 

bruto y soleras. Para superficies de césped deportivas puede inclu- 

so exigirse una tolerancia dimensional máx. de 30 mm sobre 4 m 

para la solera. 


Esponjamiento del suelo 

Dependiendo del subsuelo, y normalmente después y durante 
distintas acciones de la construcción sobre el terreno, se produce 
una compactación adicional no deseada. Circular sobre un terreno 
húmedo tiene una influencia negativa en la estructura del suelo. 
En suelos demasiado compactados permanecen las raíces peque- 
ñas y planas. Además, los suelos muy compactos son especial- 
mente propensos a daños tanto por sequía como por humidificación 
excesiva. 

En obras de paisajismo, el esponjamiento del suelo se realiza me- 
diante cavaduras de 30-40 cm, con el uso de un azadón o median- 
te aparatos de esponjamiento. Debe tenerse en cuenta que pueden 
producirse compactaciones adicionales por el uso de maquinaria. 


Mejora del terreno 

Se denominan así los métodos que mejoran lo más rápidamente 
posible la trabajabilidad de suelos como base para el crecimiento 
vegetal. Los suelos arenosos o arcillosos pueden mejorarse con 
medidas especiales. Los riesgos de daños por sequía (suelos are- 
nosos) o por humidificación excesiva (suelos arcillosos) se reducen 
cuando el suelo arenoso se mezcla con tierra fangosa o arcillosa y 
cuando el suelo arcilloso se mezcla con arena. También es posible 
añadir turba o estiércol, en algunos casos poco disponibles o, en 
otros, caros. 

Para la mejora de todos los suelos vegetales se recomienda actual- 
mente añadir un buen compost proveniente de desechos orgánicos. 
Es habitual aprox. 10 l/m? de biocompost con marca de calidad 
RAL, lo que implica una capa de grosor de 1-2 cm. 

El compost se trabaja en el suelo superficialmente (profundidad 
< 20 cm) de modo que se mejora notablemente la estructura del 
suelo y se aplican suficientes nutrientes para que las plantas pue- 
dan brotar; de este modo no es necesario un abono mineral tras la 
siembra. 

Las mejoras o las compactaciones del terreno se realizan también 
para optimizar subsuelos portantes, a menudo añadiendo ligantes. 
Debe determinarse de antemano el déficit de capacidades del 
suelo con relación a la mejora deseada (resistencia a la acción del 
tráfico rodado, etc.). Métodos sueltos, véase > @. 
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11) Valla con postes sobresalientes 12) Lamas de madera horizontales 


ПАЛЕ VERA 


AQUA Y 


Ө Lamas de madera verticales Valla para prados con travesaños 


redondos 


| 


| 


(6) Valla sencilla de madera 


| 


Ө vara de tablones encotados 


=i 


| 
Saz 


© Maila metálica, espacio intersticial más frecuente: 4-5,5 ст 


AAA 
Valla para prado con travesaños Valla de tablones aserrados, 
y postes alternados claveteados a los postes 


Barras de material CO 
sintético „5-4 


— enterado 10 cm 


2 


60 ст 


— 
00 cm 
60.40 РЕ 
212°" + 

En 27. Е 
| PT e o 

07 = 10 
Lo, гд 
n | Й | › Ф Hormigón 
о j | 3 о murete 
3 й С de ladrillo 
28 Ж 
2 A 


en el suelo 


р 
+ 


Ф Valla de perfiles de acero 
galvanizado y lamas verticales 
de material sintético 


ПАЛП 
ППА 


Seto con una valla de tela metálica 
en su interior 


Fijación de los postes a los travesaños 


Mejor 


Ripias verticales fijadas 


alos travesaños © Remate de las ripias verticales 


DANA 


CERRAMIENTOS DE PARCELA. 


MUROS Y VALLAS 


Aspectos de diseño de muros y vallas 

Los muros y las vallas deben generar barreras visuales verticales 
eon el fin de crear espacios cerrados y contemplativos (patio de 
vistas). En grandes superficies pueden incluso conseguirse ámbitos 
individuales, tanto geométricos como orgánicos. En cada caso, en 
la elección de los materiales debe considerarse todos los aspectos 
del proyecto. Por ejemplo, los materiales (piedra, ladrillos, etc.) que 
“parten” del pavimento se integran de un modo tranquilo y homo- 
géneo. Los muros y las vallas posibilitan una infinidad de formas y 
diseños. | 

Las vallas son comúnmente de madera o metálicas; por lo general 


las primeras son más económicas, pero no tan duraderas como las 


segundas. 

Las vallas de madera suelen emplearse en zonas rurales o con 
exigencias especiales (cerco para animales, etc.). Las vallas pro- 
tectoras contra los animales salvajes también pueden integrarse en 
los setos => @. 

Siempre deben colocarse los postes de madera bien protegidos 
contra la humedad del suelo —> Ө. 

Las vallas de metal pueden ofrecer una imagen de mejor calidad 
y más duradera. Se fabrican industrialmente con malla de alambre 
о enrejados de acero > @ y pueden adquirirse en almacenes de 
materiales de construcción. 

Los enrejados de acero son más resistentes y más seguros que 
los de malla metálica. La mayor parte de las veces las alturas del 
espacio intersticial varían en los diferentes enrejados > @. 

Las vallas metálicas de mejor calidad necesitan un diseño previo, 
y su construcción debe llevarse a cabo por un cerrajero. En la re- 
solución de detalles deben tenerse en cuenta criterios como la 
impresión visual del conjunto, la trabajabilidad de elementos aisla- 
dos (galvanizado, recubrimiento) y la función. Las vallas metálicas 
protegidas contra la corrosión pueden cimentarse en el suelo con 
hormigón sin medidas adicionales. 

Derecho vecinal/obligación de cerramiento 

Las reglamentaciones de muros y vallas de separación están pres- 
critos en las leyes vecinales y en las ordenanzas locales. La regla 
común en Alemania es que cada propietario cierre su lateral dere- 
cho visto desde la calle. El lateral trasero común debe cerrarse 
entre todos los propietarios y sus gastos deben ser compartidos 
(valla de h = 1,25 m). 

Quien esté obligado a cerrar su parcela debe cubrir los costes de 


. cerramiento de su terreno. Para cerramientos compartidos obliga- 


torios, el cerramiento debe situarse sobre el linde. 

La obligación de cerramiento existe principalmente cuando hay 
costumbre local de hacerlo y las excepciones se regulan en las 
normas vecinales. En algunos casos, los muros y los muros de 
contención no siempre requieren licencia, p. ej., cuando no sobre- 
pasen los 2 m de altura (como es el caso de Berlín). 


2'1/3 de la altura del poste 


439 


Construir en 


el exterior 


PAISAJISMO 


Proyecto, 
consideraciones 
y conceptos 
Movimiento 


Construir en 


el exterior 


PAISAJISMO 


Proyecto, 
consideraciones 
y conceptos 
Movimiento de 
tierras 
Cerramientos 
de parcela 
Pérgolas y 
espaldares 
Caminos, plazas, 
escaleras 
Evacuación 

de aguas 
Vegetación 
Procedimientos 
de ingeniería 
naturalística 
Invernadero 
Balsas de agua 
Espacios 
exteriores, 
ejemplo 


Alzado 

ЖА 
E 222 
Alzado Sección 


Obra de fábrica vista con ladrillos 
de diferente medida 


@ Obra de mampostería 


0,98 


0,29 ¡0 0,29 
Cota superior 


del terreno 


Valla de flejes de acero 100 x 8 mm 
con partes soldadas, galvanizada y 
esmaltada con tres manos de esmalte 
de grano grueso y acabado metálico 


Fragmento de alzado de un muro 
con valla 


DAR Р 


O) Detare de vaia — O 


Cabailete de chapa 
de cinc [01] 


Ө гъза de hormigón [01] 


Aparición de hiladas a sardinel 


Ejecución de hiladas a sardinel 
en mampostería de piedra (01] 


en obra de fábrica [01] 


Drenaje de arena 
о cascotes 


Terreno 
consolidado 


Lámina de drenaje 
para poca carga 
de agua 


Hiladas 
horizontales 


Cimiento 
contra heladas 


Muro de contención de hormigón 


Muro seco, no es necesario 


un desagúe especial 


/ 


de 


(también puede ser de piezas 
prefabricadas) > Y) 
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CERRAMIENTOS DE PARCELA 
MUROS Y VALLAS 


Los muros pueden diferenciarse principalmente entre muros de 
contención y exentos. Los de contención tienen la particularidad 
de contener la tierra > Ө у debe tenerse en cuenta la humedad y 
la resistencia del material. | 

Los muros de contención pueden utilizarse como muro de reves- 
timiento delante de un muro de hormigón —> (), o como muro seco 
> O. 

La forma más simple de un muro de contención es el de hormigón 
prefabricado en L — @ + @. Estos muros están armados y dispo- 
nibles en el mercado a partir de 55 cm de altura; tienen la ventaja 
de estar estructuralmente definidos según la distribución de cargas, 
Los muros exentos solo reciben humedad del terreno desde su 
cimentación y, por tanto, presentan menores problemas en lo que 
concierne a la elección del material. Es fundamental la elección del 
material con las dimensiones de las piezas, ya que ambos para- 
mentos quedan a la vista. 

El alzado del muro varía mucho dependiendo del material — @ + 
O y de las posibilidades que ofrece la pieza de obra de fábrica 
(ladrillos, sillares, mampostería, etc.). 

Para proteger la obra de fábrica de la humedad, en su parte supe- 
rior debe colocarse un caballete o albardilla — Ө + Ө. 

Por lo general, los muros de más de 1 m de altura requieren un 
cálculo estructural. La construcción del muro se rige por normativas 
y principios según el tipo de material (ladrillo, piedra natural, еїс.). 
El rejuntado debe considerar la compatibilidad del material, pues 
de otro modo pueden aparecer eflorescencias. 

Albardillas 

Las coronaciones de muros protegen contra la humedad por pre- 
cipitaciones con grandes losas o piedras; el elemento de remate 
debe tener como mínimo una pendiente de 5 %. No están permi- 
tidas en el recubrimiento las juntas longitudinales, las llagas deben 
disponerse en perpendicular al eje del muro. La albardilla debe 
tener un goterón a 3 cm del borde — Ө para mantener el agua 
alejada del muro. 

En el caso de muros de mampostería, pueden utilizarse albardillas 
del mismo material. También son aptas las chapas clavadas (o 
atomilladas) de cinc o de aluminio > Ө. 


Muro de 
contención 
епі. 

[= 
Posible ве Posible 
capa capa 
filtrante filtrante 


Г х. 20-30 ст 
hormigón 815 


Muro de contención de piezas prefabricadas; elementos prefabricados, 
estándares, disponibles hasta aprox. 4,55 m 


© 


PÉRGOLAS Y ESPALDARES 
PÉRGOLAS 


Anclaje Мааз... 
de poste ы 


Diseño de pérgolas y espaldares 
Además de la elección de materiales de la pérgola, debe ponde- 
rarse bien su ubicación en el terreno. Las pérgolas de gran tamaño 
tienen unas estructuras similares a las de un edificio, y debe justi- 
ficarse su función o alguna cualidad estética especial. 
Las pérgolas pueden conducir a puntos importantes o a miradores 
(composición lineal), dividir espacios y/o utilizarse como estancias 
(configuración puntual). 
En el caso de pérgolas ajardinadas se adecuarán a la planta trepa- 
dora elegida (distancia de los cables para trepadoras, enredaderas, 
etc.). 
Como pérgola se denomina un espacio corredor compuesto por 
О, = columnas o pilares. Si se utilizan postes de madera deben tomarse 
ram pestes para vallas a nr SO postos Para vallas medidas de protección contra la humedad del terreno => @ + Ө. 
Los pilares pueden ser de albañilería > Ө o simplemente de ma- 
| · дега— Ө. En general, la construcción aparenta levedad cuando la 
Cota sup. || 


aprox. .15 4 


25 


Hormigón 


Viga longitudinal У 2 А 
ao estructura de cubierta está compuesta por elementos de dimen- 


siones más pequeñas que la construcción de los pilares. Debe 
especificarse de antemano si las plantas trepadoras de los espal- 
dares deben estar integradas o no. 

Los espaldares son estructuras que ayudas a las plantas trepado- 


Pasador de 
acero para 
estabilizar 


en función 
del uso о 

entorno (torres 
de vivienda, 


i 3 ras a crecer y que también se utilizan como protección visual. 
ый abiiy otada |" 23 Los espaldares para frutales en fachadas son muy frecuentes 
¡> ~% y normalmente de madera > Ө + Ө, 0-0. 
К=з В. е оне -ò 2 Para sistemas de espaldares debe contemplarse la altura que alcan- 
Pérgola de madera, A разн Sobra Separar piezas 24 la planta trepadora y, a veces, no llegan a alcanzar los tensores 
fijación, como @ pilares de pad del superiores. Es aconsejable pensar en el efecto arquitectónico que 


evitar pudrición Produce еп la fachada cuando no hay plantas. En principio debe 
sopesarse entre espaldares lineales y superficiales, según los casos. 
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16) Espaldar de madera anclado Espaldar adosado a un muro, 
al terreno como Y) según los espacios 


т 
-—Enrejado de 0301 
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2,5 т de altura —— 
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150 +50 + 


Palmeta de candelabros 
2,5 m de altura 


Clases multianuales і ji j Floración/mes 
Hedera helix hasta 25 m invi 9-10 verdoso 
Polygonum auberti hasta 15 m j 7- 9 blanco 
Р. tricuspidata “Veitchii” hasta 15 m 5- 6 verdoso 
Clematis montana hasta 8m 5- 6 blanco 
Wisteria sinenís hasta 10 m 5- 6 azul 
Clematis vitalba hasta 10 m i x 7- 9 bianco 
Hydrangea petiolaris de5a8m hi = 

Aristolocchia macrophylla hasta 10 т 

Campsis radicans hasta 8m 

Vitis coignetiae hasta 10 m 

Vitis vinifera hasta t0 m 

Lonicera heckrottii de3a4m 

Humulus lupulus de4a6m 

Lonicera caprifolium hasta 5 m 

Rosas trepadoras hasta 5 т 

Euonymus fortunei de2a4m 

Clematis-Hybriden de2a4m 

Jasminum nudiflorum hasta 3 m 


(14) Algunas plantas trepadoras зу enredaderas O =Soleada ФӘ = Sol y sombra, р. ej., pared a norte @ = Sombra 
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12) Ayuda horizontal para trepar 
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Abanico: solo deja que crezcan 
dos ramas a 45”, de cuyos brotes 
se formará el abanico a principios 
de la primavera 


PÉRGOLAS Y ESPALDARES 
| ESPALDARES 


Los sistemas de espaldares pueden utilizarse para adornar facha. 
das у para plantas de cultivo. En este último caso, el cultivo ya 
encaminado a la cosecha, y pueden utilizarse diferentes sistemas 
probados > Ө - Ө. . 

Los cajones y espaldares para frutales — Ө + Ө se encuentran 
más bien en huertos privados. ; 

En los cultivos frutales agroindustriales se realizan plantaciones de 
árboles en retícula > () – ® para optimizar la recogida de la fruta, 
Un ajardinamiento de fachada con plantas que no pueden trepar 
por sí solas y que necesitan ayuda para hacerlo. Para ello se utilizan 
espaldares de madera de pequeño tamaño y tensores metálicos 
de mayor tamaño, sobre todo en altura > Ө. | 

La distancia entre los tensores viene determinada por los ramales 
de la planta. Para ello debe considerarse la altura de crecimiento y 
el tipo de trepadora (zarcillos, sarmentosas, etc.). 

Las alturas de crecimiento pueden ir de los 2 a los 20 m. Algunas 
plantas, especialmente las sarmentosas, pueden estrangular y 
dañar árboles y bajantes. 

La distancia de los elementos horizontales de los espaldares (р. ej., 
rejas) debe medir entre 20 y máx. 50 cm, según el tipo de planta. 
Los tensores deben ser estar forrados de plástico para proteger a 
las plantas de las heladas. 

Los muros cortafuegos no pueden ajardinarse, ya que las plantas 
facilitarían la propagación del fuego; por tanto, en ellos no se co- 
locarán espaldares. 

El ajardinamiento de las fachadas debe acordarse con el propieta- 
rio. Si quiere ajardinar también los muros vecinos, es mejor acor- 
darlo mediante contrato. 
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Plantación 


Ф Plantación en cuadros, Plantación en cuadros, 
en cuadros 


una unidad de relleno dos unidades de relleno 


Enrejado a base de tela metálica 
para planteles de guisantes 


Espaldar: la гата central de un _ 


espaldar se fija verticalmente y 
las ramas laterales se dirigen en © Plantación triangular Plantación triangular, Plantación triangular, 
ángulo recto a izquierda y derecha (lados iguales) una unidad de relleno dos unidades de relleno 


PÉRGOLAS Y ESPALDARES 
ole EJEMPLOS DE PLANTAS 


El 6 Emplazamiento adecuado 


Soleado, sol y sombra, 
sombrío 


090 pri E | 
Ar | ye Crecimiento: lento, intermedio, 


H | | | rápido 
ES Emparrados: madera, alambre 
Щщ Hi Ё tensado, malla de acero 
Flor: color Flor: verdosa | De hoja caduca, de hoja 
Ривне Flor: blanca SIN эз регеппе 
Floración CAN Floración >— Raíces constreñidas 


Floración sep. - осї. 


abril - mayo mayo - junio Ө „несеге 


=> Ramas constreñidas 


Flor: Flor: 


azul y blanca amarillo - rojo diversos colores Flor: marrón 

Floración Floración | Floración Floración 

abril - mayo mayo - julio Q junio - agosto А | mayo - junio 
ө Giicina/Wistería sinensis O Madreselva/Lonicera caprifolium 16) Rosal de pitiminí pee crophilla 


Flor: blanca 


Floración Flor: blanca Flor: blanca Flor: amarilla 
junio - julio Floración Floración Floración 
mayo -junio julio - sept. julio 
тыры сыыры Ф) єзрегуша/Роудопит auberti Ф) Kiwiactinida chinensis 
ДЩ É EX 
El ES En 
28m 
| 5-10т 4-6 т 10-15 т 
у Flor: diversos Flor: verdosa { і 
` Flor: naranja colores ? Floración | Ea cie E шп 
Floración Floración mayo - junio junio - julio 


julio - agosto junio - sep. 


Bignonia 


В Clemátide/Cl 
Campsis radicans © 
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som? БДА Orientación ` de parcela 
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A las clemátides les gusta “tener 
los pies fríos y la cabeza caliente" Balsas de agua 
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endien: 
pendiente р te 


A 


pendiente 


En caminos junto a 
edificación, pendiente 
transversal 


"ү; ` 


Camino a media 


camia Ө Caie a media ladera 


Caminos con losetas Al mismo nivel que el 


16) Separación entre 


de piedra ligeramente césped (no obstaculiza losetas = longitud ` 
elevadas (se ensucian paso del cortacésped) de un paso; 
menos) grosor > 3 cm 
1-2,5 % Bordillo de acero Zapata corrida de hormigón 
120 x 6 mm con apoyos resistentes 


4——— 


5 ст capa de recubrimiento 0/5 10 cm adoquines pequeños 5 ст de ladrillos a pandereta 
8 cm capa dinámica 2/16 3-5 cm lecho de arena para 5 cm de arena 
37 cm capa aglomerante de ripio pavimentación 10 cm de escoria o ripio 


5 ст capa resistente a filtración aprox. 15 cm capa aglomerante 
de material resistente a las heladas Subsuelo libre de heladas 
Subsuelo relleno, compactado 


Adoquinado, sistema Pavimento de 
caro pero duradero ladrillos a panderete 


Recubrimiento 
de camino de grava 


Para andar cómodamente, 
la pendiente debe ajustarse 
a una línea cóncava 


Ri 


Error. la pendiente se ajusta a una 
línea convexa 


Piedras labradas 
por dos caras 


Losetas de piedra 


Ф Estacas de madera colocadas en vertical 


de hormigón 
jAcicate L Según el caso, con acicate 


Escalera de losetas de piedra 
apoyadas sobre bloques 


Escalera de losetas de piedra o 
de baldosa sobre cama de mortero 


Ф © 


e 


Aparejo de losetas poligonales 
de piedra [02] 


Rampa y escalera de piezas 
prefabricadas de hormigón 


© 


Hileras con llagas Colocación para curvas Cruce entre dos ladrillos 


dislocadas 
(21) Diversos aparejos de ladrillos [02] 


444 ~ 


LAES 


CAMINOS, PLAZAS, ESCALERAS 


Diseño de caminos y plazas 

En el diseño de caminos y plazas son decisivas cuestiones de es- 
cala con relación al entorno y la elección de los materiales. Prime- 
ro tienen que definirse las dimensiones correctas de la anchura de 
caminos, de superficies libres de plazas y espacios, según su uso 
y emplazamiento. La unidad de medida siempre debe ser el hombre. 
Después deben elegirse los materiales para el pavimento teniendo 
en cuenta el proyecto general y también los elementos adyacentes 
como edificios o calles, con sus colores y materiales propios. Los 
pavimentos claros dan la sensación de espacio amplio. Mediante 
marcos o divisiones especiales pueden definirse segmentos espa- 
ciales. En general, los ensanchamientos de caminos y las plazas 
deben diseñarse de modo que se reconozca una función o un uso. 
Los pavimentos para caminos y plazas pueden ser de distintos 
materiales. Para superficies de tráfico rodado normalmente se 
utilizan asfalto, hormigón, losas de hormigón o piedra natural. En 
las superficies de maniobra para los bomberos puede colocarse un 
pavimento de césped sobre grava. Para superficies con menor 
tráfico de vehículos pueden utilizarse revestimientos de losas, re- 
vestimientos de tierra morterenca o de madera. En principio, se 
diferencia entre construcciones cohesionadas (método especial) y 
el método constructivo no cohesionado (método convencional). El 
método de construcción no cohesionado > @ - O se debe ela- 
borar con una construcción permeable al agua con juntas abiertas, 
Los caminos muy transitados deben consolidarse con un bordillo 
perimetral que hace las veces de contrafuerte > Ө - O. Los ca- 
minos exclusivamente peatonales pueden ser pavimentados suel- 
tos > Ө + Ө o соп una solera de hormigón. En general, deben 
cumplirse los parámetros técnicos de una pendiente superficial 
determinada — @ - 6). La pendiente debe caer siempre partiendo 
del edificio. En superficies de uso público se exige una pendiente 
mínima del 2,5 %. Los diferentes tipos de aparejo de pavimentos 
> @ + 0 deben ajustarse siempre al material utilizado. 

En todos los pavimentos es importante el tratamiento de la super- 
ficie según la función y el diseño. En el caso de losas de piedra son 
comunes las superficies flameadas, abujardadas, aserradas o al 
chorro de arena. En los exteriores, deben tenerse en cuenta las 
propiedades antideslizantes de la superficie. 


Diseño de escaleras 

Las escaleras salvan alturas y, como elemento de diseño vertical, 
siempre necesitan una coordinación detallada con el concepto 
general. Las escaleras anchas, de poca pendiente y con peldaños 
bajos tienen un efecto de suavidad, de amplitud y determinan 
fuertemente el diseño. Cuanto más empinada y angosta sea, más 
transmitirá la imagen de una escalera funcional. 

Además de sus dimensiones, la elección del material y del color de 
la escalera deben armonizar con el entorno. Pueden utilizarse des- 
de materiales nobles, como piedras muy elaboradas, hasta pelda- 
ños de troncos de madera en zonas arboladas. Además hay que 
integrar en el diseño todos los elementos necesarios, como pasa- 
manos, para crear un conjunto homogéneo. Cuando el revestimien- 
to del suelo que se colocado antes y después de la escalera con- 
tinúa en ella, actúa como si se tratara de una alfombra que la cubre 
homogéneamente. Para la ejecución de la zanca de la escalera debe 
observarse siempre la proporción con el conjunto y con el usuario. 
Las escaleras deben regirse siempre según la regla para peldaños: 
2 x h + а < 65. Los peldaños presentan una leve pendiente hacia 
el canto delantero —> Ө, para evitar la aparición de hielo. Según 
sea el tamaño de,la escalera, deben preverse medidas adicionales 
para consolidar la cimentación — @ + @. La mayor parte de las 
veces, a partir de tres peldaños se coloca un pasamanos. Puede 
ser oportuno integrar una rampa en la escalera, especialmente en 
los accesos a viviendas o a cuartos de bicicletas — @. 


Bajante con tamiz _ 2 
y compuerta S 
Кг del 


filtro de una 
bajante 


Colector del filtro 


E Reservas permanentes de agua para Filtro del depósito de aguas 
riego. Cuba para agua de lluvia pluviales 


Manguera 


Bomba 
impelente 


р В instalación para aprovechamiento 
ө Depósito de agua para riego de las aguas pluviales 


Y Edificio * 


Bajante ` 


Caucho filtrante con 
forma de anillo 


Rebosadero 


“77 


filtrante 


Depósito 
de agua de 
lluvia 


Superficie 
filtrante grande, 
efecto retomo 


, @ 1,2-2,5 
Alcantarilla 


(5) Funci Р de la cist Depósito de agua de lluvia 
'uncionamiento de la cisterna ecológico (hasta 12.500 1) 


Bajante/canalón 

Filtro colector 

Tubería de alimentación 
Depósito 

Rebosadero con sifón 
Tubería de aspiración 
Bomba 

Dispositivo de seguridad 
Red tuberías aguas pluviales 
Tubería de agua potable 
Válvula magnética 
Interruptor de seguridad 


Agua 
potable 


ӨӨС) 


Pozo de registro 


a la alcantarilla 
e — 


Edificio 


Válvula 


Interruptor alterno con 
magnética 


indicador del nivel del agua 
Distancia mínima 20 cm 
о dos diámetros interiores 
Y dela turbina 


lavadora, 
riego 


| 


` Grupo de elevación Terminación 
a presión de cables 
con altura 
regulable 


d 


(3) Circuito con cambio automático — (7) 


) 
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EVACUACIÓN DE AGUAS 
GESTIÓN DE AGUAS PLUVIALES 


Evacuación de aguas 

Los elementos habituales de evacuación de aguas —como, p. ej., 
canalones o sumideros— ofrecen suficiente libertad para su diseño 
en lo que se refiere a la elección del material (metal, fundido) y de 
las formas (rejilla, canaleta de ranura, etc.). Debe planificarse me- 
ticulosamente la disposición espacial, p. ej., dentro de una retícula 
de losas. La idea de diseño puede adoptar sistemas de soluciones 
integrales (gestión de aguas pluviales). El modelado del paisaje con 
cuencas para la infiltración de las aguas pluviales en el subsuelo, 
láminas de agua como desagúes al aire libre, zanjas y una plantación 
adecuada facilitan una planificación que emula a la naturaleza. Para 
ello deben idearse exactamente la topografía del terreno, de modo 
que pueden combinarse paisajes de láminas de agua llamativos 
con las funciones esenciales para la evacuación. Las instalaciones 
técnicas, como zanjas de infiltración, cisternas y similares no de- 
berían estar a la vista en primer plano. 

Por motivos ecológicos y económicos, y para mantener el ciclo 
natural del agua, es muy importante el aprovechamiento de las 
aguas pluviales. 

Una gestión de aguas pluviales optimizada implica no evacuar 
ningún agua pluvial a la red de canalización. 

El fundamento de la gestión de aguas pluviales consiste en evitar, 
reducir o aplazar la pérdida de las aguas de su lugar de origen o 
entornos cercanos. 

Para esto pueden tomarse las siguientes medidas: infiltración en 
el subsuelo, reconversión de superficies selladas, reutilización 
de aguas lluvia y ajardinamiento de cubiertas. 

En la evacuación de aguas se diferencia generalmente entre eva- 
cuación lineal o puntual. Según sea el recubrimiento de la superfi- 
cie, deben preverse las pendientes suficientes como para poder 
evacuar apropiadamente las aguas de lluvia y nieve durante todo 
el año. 

Se asegurará que el agua caída por precipitaciones no llegue a 
construcciones delicadas, edificios o superficies vecinas. 

El agua de precipitaciones se recoge mediante canaletas o desagúes 
y, por lo general, se conduce a través de arquetas a los colectores 
enterrados de la canalización o a las instalaciones de infiltración en 
el subsuelo. La capacidad de los desagúes y, por tanto, el tamaño 
de las superficies conectadas, deben calcularse según esta fórmu- 
la aproximativa: 

— Sumideros de patios: hasta unos 200 m? de superficie adyacente. 
— Desagúes de calles: hasta unos 400 т? de superficie adyacente. 
— Distancia de desagies: no más де 40 т. ` 

infiltración controlada (superficial, en cuencas, por zanjas) 
Además de la evacuación de aguas al subsuelo, es posible desaguar 
superficialmente a través del modelado del terreno o infiltración en 
el suelo. Para ello se utilizan elementos constructivos (drenajes, 
zanjas, cisternas) o badenes recubiertos de hierba. Debe observar 
el comportamiento del suelo y su capacidad de infiltración (valor 
de permeabilidad) en relación con las precipitaciones locales. 


(1) Bomba de aguas 

Q) Шаме 

(3) Tubería alimentación agua potable 
(4) Depósito 

(5) Rebosadero 

(6) Bajante 

(7) Alcantarilla 

(8) Colector del filtro 
(9) Sifón 
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Postes 
E 34m ~= bre Plantas 415+ 315 г 
O и O pia Е а 
| гей е yu ep 
a 10 . 0 . Seo 
50.60; ст = Grosellas rojas 5, 
.0 +» • . 6 


Grosellas negras y rojas, 
* en cuadros y al tresbolillo 


Medidas para la plantación 
de frambuesas 


> 


Plantación triangular con 
dos unidades de relleno 


Plantación triangular Plantación triangular 
(lados iguales) con una unidad relleno 


13] - (5) Sistema de plantación, según De Haas 


dl NO 


Buena Mala н A, 
Setos con foso en el nórte 
de Alemania 


1,8 m —— 


60 —+40 +40 +40 4 


б 


ON E 1,5 т ———4 
Estructura de alambre рага sujetar zarzamoras 


Forma de los árboles 

La pirámide es la forma del “árbol 
de Navidad”. Como forma básica 
se prefiere cada vez más el cáliz, 
ya que las ramas laterales son más 
cortas y no se rompen con tanta 
facilidad por el peso de la fruta y 


La copa del árbol y la red 
de raíces pueden considerarse 


como imágenes especulares la nieve 


En forma 
de arbusto 


Ё 
5 
2 
3 
u 


*: 100-120 ст 


Forma de los árboles para el jardín 
doméstico 


La copa del árbol y la red 
de raíces pueden considerarse 
como imágenes especulares 


Ф 


446 


VEGETACIÓN 
PLANTAS 


Diseño con vegetación 

El diseño con vegetación —plantas, bosques, arbustos, pastos, 
prados o plantas de praderas— es extraordinariamente variado. Aun 
así, en todo proyecto de exteriores el concepto general debe ser 
siempre anterior a la elección de las plantas. El paisajismo moderno 
se entiende como una arquitectura de exteriores, en la que la vege- 
tación debe integrarse como una parte importante del diseño gene- 
ral. Para ello juegan un papel fundamental aspectos espaciales ho. 
rizontales y verticales (árboles, bosques, etc., en altura y forma), 
antes de la elección de familias o tipos de plantas. 

Después de haber determinado las unidades espaciales del pro- 
yecto, puede formularse la elección exacta de plantas dependien- 
do de factores como el crecimiento, el follaje, el color y momento 
de floración, las variaciones estacionales y la compatibilidad con el 
suelo y la luz del lugar. También deben considerarse factores eco- 
nómicos como cuidados y mantenimiento. La elección de una 
correcta vegetación es una parte fundamental de un buen diseño 
de exteriores, con el estímulo y el desafío de que cada elemento va 
cambiando con el paso de las estaciones y los años. 


` Plantas 


Existe un sinfín de variedades dentro de las denominaciones gene- 
rales de arbustos, pastos, helechos, criptófitas (plantas de bulbos) 
y plantas leñosas. En general, se utiliza su nombre botánico, que 
proviene del latín o del griego, compuesto de la sistematización de 
la familia, género, clase y tipo de planta (p. ej., la familia aralaceae: 
hedera helix arborescens: hiedra común). De estas denominaciones 
de plantas también se pueden deducir frecuentemente formas 
especiales de crecimiento (colgantes, pendula, o con forma de 
columna, fastigiata). 

Las cantidades de plantas son muy diferentes según sea la familia 
y tipo de planta. En el ámbito de las plantas de cultivo rigen otras 
separaciones entre plantas -> Ө - Ө que en los exteriores normales, 
En general, se debe poner atención al objetivo de la planta (p. ej., un 
crecimiento superficial rápido). Los pequeños arbustos y las plantas 
tapizantes se plantan 6-12 unid./m?, plantas leñosas 0,5-2 unid./m?, 
en una línea de setos se plantan comúnmente 3-5 unid./m lineal. 
Para la recepción de plantas debe prestarse atención a un corto 
lapso de tiempo entre el envío desde el vivero y la plantación en el 
lugar de destino. El almacenaje no debe sobrepasar las 48 horas. El 
envío incluye la plantación según DIN 18320. Рага el almacenaje 
temporal, debe protegerse la planta contra la posible falta de agua, 
el sobrecalentamiento y la congelación; para ello pueden apilarse las 
raíces, humedecerlas y cubrirtas con tierra o lona, y un espacio de 
almacenamiento sombrío y protegido del viento. Un aviverado debe 
realizarse (es un servicio especial) solo cuando no se tiene prevista 
la plantación definitiva a corto plazo. 

La mejor época de plantación es generalmente otoño y primavera, 
y para árboles frutales, finales de otoño. En lugares donde se pro- 
duzcan heladas tempranas pueden plantarse hasta entrado octubre, 
mientras que en aquellos con un clima suave puede hacerse hasta 
noviembre. 


Alambre tensado 


Cuando las varas 


| | pa (КХХ 
О 1 A e 
DIS MAN Y) de 15 cm por 


INV ry ем 
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Recortar las plantas tras la recolección dejando solo de 5 a 8 varas 


© Frambuesas 


Al plantar una conífera se debe de extraer la tela de protecci 
El puntal se hinca con inclinación 


Molde de 
vaciado 


к=з 


Магйа hasta la сора < 2,5 т, 
тіп. 25 cm, ado sumo, ~ 


10 cm 


Los troncos se protegen 
con cañizo de los rayos 
solares 


Plantación correcta 
de un árbol de fronda 


El injerto дебе quedar 
por encima del suelo 


12) Árboles para jardines + 


Los troncos altos se aseguran 
con alambres tensados 


i (3) Árboles para jardines 


Malla o tejido рага repartir la carga; cinturón 

tensor anclado de forma resistente en la tierra 
Anclado bajo rasante para 
cepellones firmes 


Capa de cobertura (hojas) 
Capa de Чета Capa roja (bacterias, hongos, 
vegetal paqueños animales, р. ej., 
lombrices) 
Capa superficial 
dei suelo Capa humus. 
Formación humus (microorganismos, bacterias 
Espacio principal de nitratos, algas, hongos 
de las raíces blancos) 


Conductos de agua a través 
de todas las capas 
Liberación sustancias. 
nutrientes en el suelo a Capa mineral (roca disgregada, 
eg reserva de agua) 
Reserva de nutrientes" 
según tipo subsuelo: 2". 
fósforo, cal, lo. Roca madre (roca consolidada, 
тигез, parcialmente descompuesta) 


(5) Cada capa de humus tiene su propia vida. Los estratos tienen sus habitantes 
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Altura de crecimiento de setos podados у зіп podar (las clases señaladas con 
una х admiten especialmente bien la poda) (entre paréntesis, n° de plantas 
necesarias por metro lineal) 


VEGETACIÓN 
PLANTAS Y CÉSPED 


Los trabajos con plantas están más o menos regulados en la DIN 
18916. Los hoyos para la plantación deben tener una anchura 
correspondiente a 1,5 veces el diámetro de las raíces o del cepellón. 
En las excavaciones debe separarse la capa superficial del suelo, 
que volverá a colocarse después de la plantación. Los árboles y 
otras plantas leñosas se protegen de roturas producidas por el 
viento con tutores — Ө -- Ө, siempre clavados, a ser posible sin 
tocar el cepellón, en contra de la dirección principal del viento. Son 
habituales los palos de madera sin corteza. Los cepellones en 
forma de maceta o pequeños contenedores (para pequeños arbus- 
tos y plantas tapizantes) se entierran directamente utilizando la pala. 
Los métodos de plantación se diferencian según el tipo de planta. 
Para la plantación deben contemplarse las distancias a linderos 
con los vecinos, Los setos se plantan hasta una altura de 2 m a una 
distancia de 0,5 т y sobre los 2 т, a una distancia de 1 т. Los 
árboles pequeños (de tronco medio) se plantan a una distancia de 
1,5 m, y los grandes a 3 m. 

Para superficies colindantes especiales (zonas de transporte públi- 
co, bosques, etc.) rigen excepciones o reglamentos especiales. 

El cuidado de las plantas es una prestación especial regulada en 
la DIN 18916. El estado de las plantas para la recepción en obra 
puede reconocerse en los brotes en el caso de las plantas leñosas, 
por lo general, a partir del último tercio del mes de junio. En el caso 
de los arbustos pequeños, si han brotado o enraizado. Las plantas 
tapizantes pueden aceptarse solo si hay un máximo del 5 % de 
plantas muertas y si, a pesar de estas faltas, tienen una imagen 
compacta. En el caso de flores de una y dos temporadas, bulbos 
y tubérculos y plantas sin especiales cuidados, pueden aceptarse 
en la recepción en obra, directamente después de la plantación. 
El césped y trabajos de siembra están regulados más detallada- 
mente en la norma DIN 18917. Además de la siembra, pueden 
utilizarse también rollos o placas de césped (un sistema más caro). 
Las superficies de césped deben abonarse previamente con 10 cm 
de capa superficial de terreno como mínimo. El césped crece por 
lo general a partir de los 8 °С, y deja de crecer a partir de los 30 °С. 
Es utilizable a las seis semanas de la siembra. 

El cuidado del césped es una prestación especial que también 
está regulada en la DIN 18917. Un estado listo para la recepción 
en obra del césped sembrado es aquel que alcanza un cubrimien- 
to de suelo de aprox. 75 %. Los prados pueden aceptarse con un 
cubrimiento de aprox. 50 %. Los rollos o placas de césped pueden 
recibirse en obra cuando se detecta un notable enraizado con la 
capa vegetal. 7 


Akura Trasplante ¡Diámetro 
de tronco 


17) Exigencias, ordenación y atados de troncos altos [01] 
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y Anclaje aluvial 


e Orificio de desagüe 
-—Pilote o hilera . 
: де estacas 


Muro de contención con pilotes o 
hilera de estacas (con o sin anclaje) 
en terrenos de piedras sueltas 


Muro de contención anclado a 
la roca para un talud de cascotes 
(esquema Badberg 11) 


Entramado de perfiles 
anclados 


Afianzamiento primario de taludes 
en terrenos arcillosos o parcialmente 
compactos mediante un entramado 
de perfiles anclados 


Afianzamiento de taludes en terrenos 
de piedras sueltas: compensación de 
abajo hacia arriba y contención 
inmediata por los elementos del muro 
y los anclajes aluviales (autopista 

del Brenner) 


Fase de 
consolidación 


: »ба 161 


Afianzamiento de taludes en terrenos 
de piedras sueltas: compensación de 
abajo hacia arriba y contención 
inmediata con hormigón inyectado 

y armado con mallazo de acero y 
anclajes aluviales ; A 


a 
«5 Е 


Muro de contención de тайа 
espacial (tipo Krainer) de hormigón 
(sistema Ebensee) 


Construir en 
el exterior 


Muro anclado 


Los muros escalonados, tipo 
Krainer, proporcionan suficiente 
espacio para el nuevo trazado. 
El paisaje sigue siendo verde 


en forma de muros de contención 
(según L. Müller 1969) 
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Gran pendiente 
de las capas 
(con escalona- 
miento o bermas) 


Escasa pendiente de tas capas 
(a ser posible sin escalonamientos 


Talud en terreno rocoso, 
condicionado por las características 
geológicas 


Talud en terreno rocoso, 
condicionado por las características 
geológicas 

Espacios А 


Ф 


exteriores, „2. 


ejemplo 
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Diferentes maneras de revestir roca 


PROCEDIMIENTOS DE INGENIERÍA NATURALÍSTICA 


CONSOLIDACIÓN DE TALUDES Y RIBERAS 


Diseño de procedimientos de ingeniería naturalística 

En la mayor parte de los casos, los procedimientos de ingeniería 
naturalística constituyen respuestas a requisitos constructivos con 
una orientación biológica, como la consolidación de pendientes o la 
protección de riberas. Estas pueden considerarse una parte principal 
de una planificación general y ser diseñadas acordes a ello, Debe 
aclararse si las medidas que cabe llevar a cabo estarán a la vista о 
serán más bien invisibles. 

Mediante la vegetación, la ingeniería naturalística pueden poner en 
escena taludes y pendientes que de otro modo debieran ser con- 
solidados con un muro. Para la puesta en obra de las exigencias 
funcionales deben estar integradas la idea general del diseño y la 
elección del material. 

Los procedimientos de consolidación de ingeniería naturalística 
están regulados por las normas DIN 18918, DIN 19657 y DIN 18310, 
y puede distinguirse entre consolidaciones de taludes y procedimien- 
tos de protección de riberas. 

Consolidación de taludes 

En los taludes de gran inclinación es necesario afianzar la tierra su- 
perficial. A ser posible, los taludes deben tener poca pendiente y un 
perfil redondeado, para que su superficie se pueda cubrir con césped, 
plantas o arbustos. 

En caso de realizar taludes con una inclinación mayor al ángulo 
natural de rozamiento, deben afianzarse mediante rollos o placas de 
césped, adoquines o muros de contención. 

Si la pendiente es mayor a 1:2, los rollos o placas de césped se 
anclarán con clavos de madera. Existen paneles gruesos de césped 
para consolidar taludes con una pendiente de 1:1,5 а 1:0,5. 

Las rejillas son apropiadas para afianzar taludes de gran pendiente 
donde es difícil que agarren las plantas. 

Se distingue entre rejillas muertas y vivas. En estas últimas es nece- 
sario proceder posteriormente a una plantación definitiva de especies 
frondosas. 

Para asegurar grandes desmontes, tal como ocurre en la construcción 
de carreteras o al edificar en solares de gran pendiente, es necesa- 
rio adoptar medidas de consolidación más complejas — @ - Ө. 
Emparrillados anclados en acabados diferentes сото, р. ej., 
compuesto de vigas preancladas horizontales y postes verticales. 
Los espacios intersticiales deben rellenarse con hormigón pro- 
yectado > Ө. 


Solo es posible aumentar la pendiente 
de los taludes artificiales si se 
adoptan medidas de 
afianzamiento especiales 
(aquí p. ej., muro 
de contención 
en la base) 


Talud natural 


y 


Diseño de taludes 
(y afianzamiento) en capas 
de terreno de diferente cohesión 


Diseño de taludes 
(y afianzamiento) en capas 
de terreno de diferente cohesión 


© Muro tipo Krainer 114) Muro Krainer Ebenseer — Ө + O 


Paneles de césped fijados con 
puntas de madera (pendiente > 1:2) 


65-75 5-10 La separación 
= 5 entre planteles 
Hi? depende de la 
A pendiente 
А | 
Planta ción у 
ci > 
de arbustos O 
бус ә 
2 


Planteles intermedios 


Césped bituminoso # 2 


Plantación pionera de arbustos y 
césped bituminoso para consolidar 
taludes de gran pendiente 


Base de piedra 


se, ANS 
N Arcilla ү 
К ¡EN W \ 


Setos de endrino 
Soto de saúco 


Afianzamiento de taludes mediante piedras o cantos rodados 


PROCEDIMIENTOS DE INGENIERÍA NATURALÍSTICA 
CONSOLIDACIÓN DE TALUDES Y RIBERAS 


Los muros de contención ajardinados, que pueden salvar grandes 

desniveles, crean espacios aprovechables en terrenos, calles y 
* caminos. 

Dependiendo del sistema y de la pendiente se construyen también 

muros altos con anclajes — Ө. 

Protección de riberas 

Mientras que en la consolidación de escarpes deben tenerse en 

cuenta las acciones solicitantes del empuje del terreno o la grave- 

dad, en la protección de riberas debe tenerse en cuenta, además 

de estos aspectos, la fuerza del agua y de las olas. 

Una protección de ribera óptima se da cuando un perfil vegetal está 

en la afluencia de agua -> @, con lo que logran crecer raíces que 

evitan erosiones y desprendimientos de la orilla por el oleaje. 

Para proteger de la erosión las márgenes socavadas de ríos sobre 

y bajo el nivel del agua, existen muchas posibilidades, como, р. еј., 

enfajinados de sauces, rizomas o bordes con empalizadas. 


Consolidación con paneles 
gruesos de césped 


Chapa metálica 
de perfil ondulado 


Anclajes 
Límite superior del nivel freático Relleno con arena y grava fina 


Fittro de arena 


Afinamiento de la superficie del 
talud mediante el sistema Weber 


© Drenaje y desagüe de la base del talud mediante cascotes 


Piedra natural 


dado el caso, capa de 

separación contra agua 
de la ladera sin presión 
hidrostática 


Alzado 
Forma según la tradición local 


Muros escalonados 


(sobre todo en el suroeste de Europa) de grava 


© Nervios de piedra para el desague y afianzamiento de taludes 


Nivel máx. de agua 


Nivel alto de agua N 
аа Á — — — y N 
Nivel media de agua r DR 
— – — — — — sr. e — e —— a a .— anre) 52 
Nivel Бајо de agua 
2..9 53 £ 
” Q > 
i КЕЧ a 
> 360 días al año оз 9 А 
zona de desove оу 3 2 
29 Ё e 
150-380 días al año 73 Ф Ф 
zona де cañaveral 89 T Ы 
< 150-360 días al año байар E Б 
zona de maderas blancas ES © 
@ @ 


< 30 días al año zona 
de maderas duras 


110) Perfil de vegetación de una ribera fluvial, según Bitmann 
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INVERNADERO 


La ventilación de un invernadero 
debe calcularse para que, al abrir 
los elementos practicables, la 
temperatura interior sea similar 
a la exterior, por ello, se necesi. 
ta un 20 % aprox. de la superficie 
de la cubierta como banda de 
ventilación o bien suficientes 
compuertas practicables a tal fin, 
También se precisa un intercam- 
bio de aire suficiente. 

Si la vegetación exterior es insy- 
ficiente para proporcionar la som- 
bra necesaria, y la radiación solar 
elevada, se precisa un sistema 
de protección solar que procure 
> @ Calefacción un clima interior adecuado. 

(Т) Ventilación en la cubierta $ (5) Mesa para plantar La protección solar puede mon- 
Ф Abertura automática de ventana e Plantel de reproducción tarse tanto en el interior como en 
© Paisana me © Manguera de pots Р нр а, насан La prorecelon solar 
@) Humidificador de aire Bomba de agua Iluminación general en el interior es más económica. 
(5) Propulsor de aire @) Suelo radiante @ Regulador de humedad ` Sin embargo, la protección exte- 


®© Ventanas laterales de ventilación a Estanque con agua para riego @ Higrómetro rior es más eficaz, en e special si 
j bi ados de plexiglás Aislamiento térmico i А a ма 
rana o @ Regulador de la temperatura interior а Separación entre esta y el vidrio 


(1) Invernadero con instalaciones y climatización adecuadas al uso es lo suficientemente grande. 


E А д . >0y0+0. 


> TT 
ПШ è ) N 


u hormigón 


12 т бета 


Muro centra! 


Dimensiones ЦУ 0,3 т compost 
1л ул х 
12) Plantel solar elevado con cubrición © Tabla de compost autoconstruida (4) Pequeño invernadero 5) Invernadero holandés 


яг; Distancia entre pórticos 3,065 m 
л Distancia entre cabios 613 mm 


Superficie de vidrio 
orientada al sol. 


A 


Construir en 
к—— 274m ———{ 


el exterior 
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Zona profunda 


Ч. 


бст 20cm 
arena sustrato 


Ф Estanque con lámina plástica y 
diferentes niveles de profundidad 


Zona húmeda 


Piscina de material 
plástico reforzado 
con fibra de vidrio 


Aguas poco profundas 


Aguas profundas 
o a a 
Balsa prefabricada conformada 
convenientemente 


Equilibrar la piscina del 
estanque y llenarlo de agua 
hasta el primer escalón 


Excavar un foso de 3 a 5 cm 
más profundo que la piscina 


Si la capa de arena tiene un grosor 
mayor de 5 cm pueden producirse 
asentamientos que ladeen la piscina 


Compactar 
cavidades con 


Nivel del agua 


Y "репа 
© Proceso para la correcta puesta о 
en obra de un estanque 


Compactar con tierra de la 
excavación los huecos laterales 


Listones de madera Estructura inferior 
de acero 
Capa de aire 


Paja 


O Cuando se produzcan heladas, 
colocar un haz de paja o 
intercambiador de aire 


об», 


H— 50-100 —[——— 2 200 Arena 5 ст Fieltro Lámina Sustrato 10 cm 


E— Márgenes —F-— Área plantada 2 50 % 
de la superficie del agua 


© Configuración de las márgenes 


BALSAS DE AGUA 
ESTANQUE 


Los estanques deben integrarse armónicamente en el jardín. Su 
ubicación en el lugar correcto es de vital importancia para el desa- 
rrollo de plantas y animales. 

La mayor parte de la vegetación propia de los estanques precisa 
mucho sol, entre 4-6 horas al día. El emplazamiento más adecuado 
es cerca de la terraza. Cuando la cantidad de plantas, agua y arena es 
adecuada, entre 6-8 semanas se llega un equilibrio biológico y el 
agua se torna clara. La proporción entre el contenido de agua y su 
superficie debe ser correcta (aprox. 400 l/m? de superficie de agua). 
El estanque artificial se convierte en hábitat de insectos y plantas. 
La plantación dentro ае! estanque debe realizarse antes llenarlo de 
agua. El proceso de llenado se ejecutará cuidadosamente. Período 
de plantación entre mayo y septiembre. Para obtener un conjunto 
armonioso, las plantas de gran altura deberán plantarse de forma 
aislada; las de altura mediana con una separación de 30-40 cm; las 
de pequeña altura del borde, por el contrario, tendrán que plantarse 
en agrupaciones. Distancia de una planta a otra 20- 30 ст. 

Al poblar el fondo por vez primera es suficiente con cinco plantas 
por m?, pues estas se reproducen rápidamente. Aquellas especies 
colocadas en un recipiente pueden situarse a la profundidad más 
conveniente elevando o bajando el tiesto. Es posible plantar las di- 
ferentes especies en cestas, recipientes o de forma directa en tierra 
especial. Las zonas pantanosas y poco profundas —> @ – Ө, así 
como los planteles húmedos, complementan y reproducen las con- 
diciones naturales. 

El tamaño del estanque está supeditado al del jardín. Lo ideal es 
disponer una balsa de 20-25 m?, aunque 3-5 m? posibilitan ya la 
proliferación de varias especies. Son necesarias amplias zonas de 
5-20 cm de profundidad y una de 60 cm como mínimo, donde los 
insectos y las larvas de salamandras sobrevivan al invierno. 

La zona profunda ofrece también refugio a las especies animales que 
pueblan el estanque. Durante el invierno, el estanque debe perma- 
necer lleno para evitar que el terreno se congele y lo levante. 

Los peces, las ranas y demás anfibios sobreviven al invierno cuan- 
do se emplean anticongelantes o un intercambiador de aire. Los 
estanques prefabricados aseguran una profundidad correcta para 
las plantas y evitan hundimientos y desprendimientos de la tierra 
vegetal > Ө - Ө. 


Mezcla de arena y follaje; 
refugio invernal para anfibios 


Lámina plástica 


Sección trasversal del cauce 
de un arroyo 


re E 
EA A q > 
Barrera capilar а Suelo 90° Roca 
Tuberia plástica сотрасїодуу, 
$0 
Suelo 
gero 40 
lo del talud 
según al tipo de suelo 


(10) En un jardin pequeño con suelo compacto 


451 


Construir en 


el exterior 


PAISAJISMO 


Proyecto, 
consideraciones 
y conceptos 
Movimiento de 
tierras 
Cerramientos 
de parcela 
Pérgolas y 
espaldares 
Caminos, plazas, 
escaleras 
Evacuación 

de aguas 
Vegetación 
Procedimientos 
de ingeniería 
naturalística 
Invernadero 
Balsas de agua 
Espacios _ 
exteriores, 


ejemplo 


Can una pequeña hondonada BALSAS DE AG UA 
el agua no salta tanto 
10124 ' PISCINA NATURAL 


¿158 Las márgenes deben estudiarse minuciosamente en cuanto a la 
limpieza, capilaridad — Ө + Ө o exigencias del usuario > Ө -@. 


тс я зар La ventaja de una piscina natural para nadar frente a la piscina arti- 
75 Piedras pegadas de PVC ficial son los bajos costes de mantenimiento (no requiere limpieza, 
Tubería а e РУС ЕД a depuradora) y su valor ecológico (efecto biotopo, hipoalérgico, pues 
de la bomba Œ no lleva cloro). En cambio, bajo ciertas condiciones meteorológicas 


deben aceptarse una turbidez o el crecimiento temporal de algas, 
Lemina plástica inconvenientes que generalmente se resuelven por sí mismos a 
Arena, 5 cm corto plazo. Se puede incluir un arroyo que forme parte del estanque, 
8-10 m son idóneos —> @- Ө. Cada hora se vierten sobre las piedras 
y cascadas aprox. 15 m* de agua, de modo que se oxigena el agua. 


© Piedra manantial — @ 


4 


Piedra manantial 


Tubería 
a presión 
Рай 


Plataforma de madera de 
alerce de 28,5 cm de grosor 
Viga de madera - 


anchos y 4 
profundos Nivel 
del agua 
2 | 135-150 
Colocar la cimentación Cimentación 
a una profundidad sin impermeabilizada 
peligro de heladas con lámina plástica “, 
Apoyo: fieltro y “/ 
lámina plástica ^^ 
$ doble 2 Ату P 
Zona de Lámina plástica 
regeneración ө Plataforma y entrada Fieltro 


Madera de alerce de 28,5 cm de grosor 


73 Y a 
: Losetas/hormigón Lámina” 7/7 
(2) Planta de un estanque para nadar — @ ` plástica fieltro 7777” > 
\ Pieza prefabricada de Cámina plástica 
Hacia el Embarcadero de madera, hormigón en U. L50, A40, triple 
manantial (7) 


Ppi: plataforma para tomar H40 + losetas de hormigón 
el sol 


H—— 60-65 ——+-12— En 
Madera de alerce, grosor 28,5 cm Tuercas de latón 


Estanque 
para nadar 


Pasarela 


Pozo decantación -- - 
3/0 capas minerales 2 
| % 


con piedras de Y 
diferentes 


у 
Piscina Tuberia de 5 A A 2 


comunicación à к 
- © Sección transversal de un estanque para nadar • Ө , Grava Bloque de hormigón Sustrato 10 cm 
Lámina plástica 
50-100 + 200-——+ Ө Composición del borde, embarcadero de madera . Fieltro 
Márgenes _, Área plantada > 50 % Zona de baño Arena 5 cm 
o A + “де superticia del agua Pane Zona 
¿A 4 À o húmed 
ETT Мм ¡Sustrato УФ И „y demolida Nivel del agua dora húmeda : La 


ERA À: SE күс —— 
Barrera capilar == 30 


Tubería plástica Cota sup. 


A RS 
Construir en = , 27 muro 
А Barrera capilar 
ееп Tubería plástica 
ELA 


19 
Piscina preexistente z a Lámina plástica 
Fieltro Cs == 0 Fieltro 
Lámina 4 Мы © Corrientes de agua + @ 
PAISAJISMO === 
(> П 
Proyecto, АДЕ 
consideraciones САР= =28 мес 
y conceptos 4] Piscina preexistente transformada en estanque para nadar е piedras 
Movimiento de Р. И о 
lerras \ 0-50 
ИИ. не Nivel del agua ру Plantas en márgenes 
de parcela 5 
Pérgolas y >> Р ` 
espaldares Zona húmeda are 
Caminos, plazas, Tubería plástica Єгопа de plantas 
escaleras в 
Evacuación Вогао o 
de aguas к 9 
Vegetación А a 
Procedimientos ч 
de ingeniería а 
naturalística Lámina plástica Ñ 
invernadero Variante de barrera capilar Fieltro 
Basas === (5) Zona de depuración Arena 5 cm (10) Corriente de agua con meandros profundos y anchos y cascadas > @ 
exteriores, 
ejemplo 


452 


Nombre común 
Acoro aromático 
Alisma/pan de ranas 
Junquera 

Junco florido 

Juncia 

Gliceria máxima 


Corregúela 
Orontium 
Persicaria anfibia 
Camalote 

Rizos de agua 
Ranúnculo 
Sagitaria 

Junco redondo 
Platanaria 
Totora 


Nombre científico Floración 
Acorus calamus Мм-м 
Alisma plantago-aquatica M-VH 
Baldellia ranunculoides VI-X 
Butomus umbellatus | М-МШ 
Carex pseudocyperus VI-vil 
Сїусапа maxima vivi 
“Variegata” 

Hippuris vulgaris vit-vit 
Orontium aquaticum V-VI 
Polygonum amphibium VI-VII 
Pontederia cordata VII-VI 
Potamogeton crispus VI-IX 
Ranunculus lingua VI-IX 
Sagittaria sagittifolia VI-VII 
Scirpus lacustris Vit-vii 
Sparganium erectum vitvi 
Typha angustifolia VI-VII 


Ф Zona poco profunda, entre 10-40 cm > Ө 


Nombre común 


Barba de cabra, 
acuática 


Mordisco de rana 
Nenúfar amarillo 
Nenúfar 

Ninfea 

Espina de agua 
Ranúnculo acuático 
Pita de agua 


Castaña de agua 


Nombre científico 


Aponogeton VII-X 
distachyos 


Hydrocharis Ы Мм-м 
morsus-ranae 
Nuphar lutea VI-VIN 


Nymphaea-Hybriden VI-IX 


Nymphoides peitata м-н 


Potamogeton natans VI-IX 
Ranunculus aquatilis VI-IX 
Stratiotes aloides V-Vil 


Trapa natans VI-VII 


(2) Zona de nenúfares — Ө 


Aro palustre 
Hierba centella 
Nauclea . 
Cola caballo variegada 
Junco de algodón 
Euforbio de agua 
Junco 

Lisimaquia 

Aro de agua 

Menta acuática 

Trébol de agua 
Mímulo 

Nomeolvides acuático 
Berro 

Helecho опосіеа 


Verónica acuática 


Hierba centella 
Nomeolvides 
acuático 


Iris 


(4) Plantas acuáticas 


Calla palustris 

Caltha palustris IV-VI 
Carex grayi vi-vitt 
Equisetum variegatum - 
Eriophorum angustifolium | V-VI 
Euphorbia palustris IV-V 
Јипсиѕ ensifolius VII-IX 
Lysimachia thyrsiflora Ум. 
Lysichiton americanus М-м 
Mentha aquatica у-н 
Menyanthes trifoliata V-VI 
Mimulus cupreus V-X 
Myosotis palustris VI-IX 
Nasturtium officinale IV-VI 
Onoclea sensibilis - 
Veronica beccabunga V-IX 


© Zona pantanosa — Ө 


Aro palustre 
Junco enano 
Camalote 
Junco florido 


Floración 


Corregúela 
hembra 


Color de la flor 
blanco-verd., marrón 
rosa blancuzco 


marrón 

rosa, blanco, rojo 
amarillo 

verde 


poco llamativo 
amarillo oro 
rosa 

azul 

poco vistoso 
amarillo 


rosa pálido 
marrón 

verde - blanco 
negro - marrón 


Color de la flor 


blanco 


blanco 

amarillo real 
según el tipo 
amarillo dorado 
blanco 

blanco 

blanco 


blanco, poco vistoso 


blanco 


amarillo 

bolas verdes 
no tiene flores 
blanco 

amarillo 

puros marrones 
amarillo 
amarillo 

violeta claro 
blanco-rosa suave 
rojo 

azul claro 
blanco 

no tiene flores 
azul intenso І 


N 


PlatanariaY) 


Patata de 
agua 
Totora de 
hoja ancha 


(5) Profundidad de las plantas 


Cabeza de tortuga 
Ruibembo indio 
Eupatorio 

Ulmaria 

Ligularia 

Hierba de la moneda, 
Salicaria 

Helecho real 
Valeriana azul 
Bistorta 


Prímulas 


е Zona húmeda > Ө 


Nenúfar pequeño 


Milhojas de agua 


S Pita de agua 


Achillea ptarmica 


Chelone obliqua 
Darmera peltata 
Eupatorium cannabium VIH-IX 
Filipendula ulmaria 
Ligularia przewalskii VIII-IX 


Trolllus-Hybriden 


Nenúfares 


la Espiga de agua 
diversos 


BALSAS DE AGUA 
PLANTAS ACUÁTICAS 


[гола [zona 
profunda —> (Y) pantanosa húmeda 
>0 -0 


Azambuja Callitriche stagnalis 
Milhojas de agua Ceratophyllum 
demersum 
Peste de aguas Elodea canadensis 
Violeta de agua Hottonia palustris 
Miriofilo Myriophyllum in Arten 
del estanque 
Potamogeton Potamogeton in Arten 
su crecimiento 
Ranúnculo Ranunculus circinatus 
estanque 
Lentibularia-utrícula | Utricularia vulgaris 


O Plantas que contribuyen a la oxigenación del estanque 


ү-н 
Ум 
VIN-IX 
IV-V 


VI-Vil 


Lysimachia nummularia VI-VII 
Lythrum salicaria 
Osmunda ragalis 


VI-IX 
VI-VII 


Polemonium caeruleum VI-VII 
Polygonum bistorta V-VII 
Primula in Arten 


Ranunculus acris 


de Шами 
М-м 


Ум 


Potamogeton 


Hoja perenne, echa raíces en el fondo 


No tiene raíces, hiberna en torma de 
capullo en еі fondo del estanque 


Hoja perenne, plantar en el fondo del 
estanque, tiende a reproducirse masivamente 


Hoja perenne, echa raíces en fondo fangoso 
Hoja perenne, echa raíces en el fondo 


Plantar en maceteros para controlar 


Hoja perenne, plantar en el fondo def 


No tiene raíces, atrapa insectos con una 
burbuja; hiberna en forma de yema 


Las piscinas naturales ecológicas requieren una zona de autolim- 
pieza compuesta de plantas acuáticas, que debería ocupar 1/3 par- 
te de la superficie total. 


Margen seco 


blarico 


violeta 


rosa 

rosa 

rosa 

blanco 

amarillo 

amarillo 

rojo violáceo 
palmas marrones 
de azules а balncas 
rosa 

según el tipo 


amarillo 


tonos de amarillo 


Castaña de agua 


Construir en 


el exterior 
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Construir en 


el exterior 


PAISAJISMO 


Proyecto, 
consideraciones 
y conceptos 
Movimiento de 
tierras 
Cerramientos 
de parcela 
Pérgolas y 
espaldares 
Caminos, plazas, 
escaleras 
Evacuación 

de aguas 
Vegetación 
Procedimientos 
de ingeniería 
naturalística 
Invernadero 
Balsas de agua 
Espacios 
exteriores, 
ejemplo 


Plantas Вай de ferrocarril Borde de acero 
tapizantes existente 


E == AA 


De Ts 


5 cm Firme de 0/5 
8 cm Capa dinámica 2/16 
37 cm Capa base de grava 8/32 
5 cm Capa estable contra filtraciones de 
material resistente contra heladas, 


5-7 cm Pavimento de mosaico de travertino 
3-5 cm Capa de nivelación, mezcla 
de gravilla y arena 
40 cm Lecho portante de grava 8/32 
5 cm Capa estable contra filtraciones 


de material resistente a heladas terreno rellenado y compactado 
Terreno rellenado y compactado 
є Sección tipo pavimento de mosaico Pavimento de vial de tierra 
de piedra, detalle UBA, Dessau - morterenca con sus entregas, detalle 
UBA, Dessau 
абзе la orgáni 
cm е! ico 
Suelo natural 


Salida de bajante 
© 


7 cm Mampuestos en aparejo libre 
15-20 cm Capa de arcilla 
3 cm Hormigón de limpieza 


7 ст Mampuestos en aparejo libre 
15-20 cm Capa de arcilla 
З cm Hormigón de limpieza 


Suelo natural 
© Rigola desagúe edificio, detalle Rigola de llenado estanque, 
UBA, Dessau detalle UBA, Dessau 


Estanque para aguas pluviales, 
detalle UBA, Dessau 


Seto de madera muerta, detalle 


UBA, Dessau 


O Edificio central 

© Atrio 

O Fórum 

@ Cantine 

© Estación de Wórlitzer 

© Estanque para aguas pluviales — Ө 

O Obra de arte 

(0 Seto de madera — Ө 

(O) Vial con pavimento de tierra 
compactada > Ө 

Pavimento de mosaico de piedra > @ 

@) Vial de aproximación de bomberos 
circundante 

(2 Aparcamientos 

@ Superficie de mampuestos 

(Y) Aparcamiento de bicicletas 

(5) Zona de viraje para suministros 

Aula 


[7] Jardines de la Agencia Federal Alemana de Medio Ambiente, Dessau 
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ESPACIOS EXTERIORES, EJEMPLO 
AGENCIA FEDERAL DE MEDIO AMBIENTE DE ALEMANIA 


El diseño de los jardines de Agencia Alemana Federal de Medio 
Ambiente en Dessau se basa еп un tema continuo: establece reta. 
ciones entre el edificio y la ciudad y crea su propio paisajismo, la 
naturaleza en movimiento. El tema se estructura en dos zonas 
paisajísticas, en el interior y en el exterior del edificio. Los elemen- 
tos de diseño que emulan a la naturaleza forman parte de la pues- 
ta en escena que se orienta temáticamente en la función del edificio 
como Agencia Federal de Medio Ambiente. 

Las plantaciones se atienen a principios funcionales y estéticos, 
La componente funcional se orienta en las exigencias pragmáticas 
de un jardín como, р. ej., marcar los linderos del solar о сегсагіо 
(un seto de carpe cierra el solar en el oeste, viales circundantes de 
acceso de bomberos en el este se marcan con plantaciones 
de arbustos y plantas tapizantes/rastreras de color rojo). La 
componente estética tiene que ver con la calidad escultural de las 
plantas en relación con el tema del edificio (superficies de césped 
con plantas aromáticas y gramíneas y las eras de vegetación se 
representan de modo abstracto con plantas tapizantes, matas 
y arbustos ornamentales). 

El material extraído en las labores de movimiento de tierras se 
utilizó para modelar el terreno. 

Viales/piazas, ejecutadas en pavimento de mosaico de piedra y 
en pavimento poroso de tierra compactada, sirven a la vez de 
viales circundantes de acceso para los bomberos. Las sendas se 
delimitan con bordes de acero y raíles de ferrocarril existentes en 
el lugar. El pavimento especial como señalización de advertencia 
para personas con discapacidades visuales está formado por losas 
de piedra natural negra empotradas en pavimento de losas de 
color claro. Las zonas de detención están pavimentadas con losas 
de travertino, los accesos de vehículos con hormigón y plazas de ` 
aparcamiento con adoquines con juntas de césped o césped sobre 
grava. El vial de acceso para bomberos (lado este del edificio) es 
un camino asfaltado. El agua pluvial de la cubierta de la cantina 
se conduce en una rigola a un estanque impermeabilizado con una 
mezcla de elementos minerales y arcillosos. Las instalaciones de 
desagúe de las superficies pavimentadas están equipadas con 
canaletas, tapas de hierro fundido y sumideros conectados a los 
canales de aguas pluviales existentes. El mobiliario exterior: ban- 
cos, papeleras, aparcabicicletas, bolardos retráctiles, extraíbles y 
fijos, mástiles para banderas y obras de arte. 


CEA PD 


Paisajistas: ST raum a. 


Vientos Ж М 
dominantes Plantación de protección 


a У : „contra el viento 


de protección 
contra el viento 


o Representación esquemática de los elementos de una granja (edificios, 
superficies exteriores y caminos) 


Junto a un talud Junto a un grupo de árboles 


(2) Adaptado a la topografía haciendo coincidir la pendiente de la cubierta 
con la ladera > 


© Sistema de planificación de un cobertizo flexible 


GRANJAS 
GENERALIDADES 


Al elegir el emplazamiento se han de valorar las características to- 
pográficas y climáticas en función de las necesidades funcionales y 
económicas de la explotación agrícola. Deberían tener preferencia 
respecto a las condiciones de propiedad existentes. Para las edifi- 
caciones destinadas a establos son válidos casi los mismos requisi- 
tos que para los edificios de viviendas. Se evitarán las zonas con 
grandes peligros de heladas, de mucha niebla o muy ventosas y los 
emplazamientos especialmente expuestos. Se han de tener en cuen- 
ta la posición de los edificios entre sí, ta disposición respecto a las 
edificaciones existentes en las proximidades y los vientos dominan- 
tes. La dirección predominante de los vientos en verano es más 
importante que la del invierno. 

Al elegir el emplazamiento se ha de distinguir entre el tráfico “exterior” 
e “interior” de la explotación. 

El tráfico exterior queda determinado por las conexiones con la red 
de caminos y carreteras públicas que llevan a las instalaciones de 
suministro y entrega (comercios, lecherías, etc.). Para la calidad del 
tráfico interior es más importante la conexión favorable a la red de 
caminos locales que la vecindad inmediata de la granja a los campos 
explotados. Al situar los edificios deberían respetarse las siguientes 
separaciones: al menos 10 m entre todos los edificios. De la vivienda 
al establo: al menos 15 m. De la vivienda al límite sur de la parcela: 
mín. 10 m, a los límites oeste o este, al menos 6 m > @. 

Para explotaciones ganaderas con unidades tecnológicamente dig- 
nas se necesitan, por regla general, superficies de 4.000-5.000 m?, 
con una anchura de 35-45 m. Para la zona de vivienda, incluido el 
jardín: aprox. 1.000 m. Las vías de transporte en el interior y exterior 
de los edificios no deberían superar las siguientes pendientes: para 
vehículos manuales, 5 %; vehículos a motor, 10 %, en tramos cortos 
máximo 20 %. El jardín debería considerarse también como un es- 
pacio habitable. A ser posible, se ha de situar al sur o al oeste de la 
vivienda, disponer de unos 100 m2 de césped, parterres para flores, 
matas, arbustos, lugares para sentarse a resguardo, para juegos de 
los niños y para secar la ropa, en total se necesitan entre 400 y 500 m2. 
Para cubrir el consumo propio se necesitan entre 50 y 60 m?/perso- 
na de huerto. Para frutales: aprox. 100 m?/persona. 

Información: KTBL. Kuratorium für Technik und Bauwesen іп der 
Landwirtschaft e. V., Bartningstrasse, 49, Darmstadt. 


70-80” harina y partículas 
cónicas E 
productos molidos 
60-65" salvado Balas 
de centeno y trigo cilíndricas 
50-60* grano plano 222 
50-55° sémola fina 2 


| j Wise 
35° maiz, trigo, guisant, V NT Ж УТ 
23° mijo => 


22° maíz H-—-180/180 —— 
Ángulo de vertido de diferentes А 
(a productos agrícolas (5) Paja 


16) Cobertizo con pasos transversales 17) Cobertizo 
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Ganadería 


GRANJAS 


Generalidades 
Superficies 
necesarias 
Máquinas 

y aperos 
Almacenaje 
de piensos 
Evacuación de 
aguas y sólidos 
Condiciones 
climáticas en 
los establos 


Superficie necesaria Establo de engorde йде... 
1.000 


plazas 


enm? 1.500 


Establo 
Estercolero 
Circulación 


Patio 


Superficie 
total en m2 


Anchura de 
parcela en m 


© Engorde de cerdos 


Cría de cochinillos 

para ... cochinillos 

con ... plazas de engorde 
para ... cerdos 

46C 88 € 

400E 800M 


Cría de cochinillo 
para ... cochinillos 


100 


Superficie 
necesaria 


en m? 120 150 


1.020 
110 
270 


1.200 
120 
300 


Establo 
Estercolero 
Circulación 
Patio 

(incluido corral) 


2.100 2.400 


Superficie 
total en m2 3.500 4.020 
Anchura de 

la parcela 

en m 


(2) Producción de cerdos (con establo de engorde) 


Superficie Establo de amarre Establo lineal de boxes 


necesaria 


en m2 para ... vacas 


40 60 


рага ... vacas 
80 50 80 120 


200 


Establo 250 380 500 400 640 960 1.600 
Lechería 10 20 30 50 80 120 200 
Silo tránsitable 200 300 400 250 400 600 1.000 
Forraje 80 120 160 100 160 240 400 
Estercolero 160 240 320 200 320 480 800 
Circulación 400 600 720 500 720 960 1400 


Patio 1.200 1.250 1.760 2.400 


3.000 
Superficie Ё 
total en m? 1.900 2.710 3330 2.750 4.080 5.760 8.400 
Anchura parcela 
enm 33 33 33 45 45 45 45 


[4] Vacas lecheras зіп cría nocturna 


Engorde de gallinas 
cría en jaulas 


para ... animales 
10.000 50.000 


Sup. necesaria 
en т? 


Gallinas ponedoras 
3 jaulas superpuestas 


рага... animales 


10.000 50.000 100.000 100.000 


Establo 

Sala para 
selec. huevos 
Estercolero 
Circulación 
Patio 


630 


110 
200. 
1.260 


Superficie 
total en m2 


2.200 17.700 1.550 6.750 


Anchura de 
parcela en m 


16) Cría de gallinas 
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GRANJAS 
SUPERFICIES NECESARIAS 


Las tablas reproducidas en esta página, sobre la superficie de las 
parcelas de diferentes explotaciones agropecuarias, se basan en 
los estudios realizados por Herms/Hillendahl. Las diferencias en log 
datos de las superficies se deben a diferentes supuestos. Así, por 
ejemplo, la superficie necesaria de la parcela se puede disminuir si 
se construyen silos verticales en vez de transitables o se utiliza е 
espacio de la cubierta o debajo del pavimento ranurado para aima- 
cenar productos. 

Las tablas => @ - Ө, referentes а la superficie de la parcela, no 
incluyen el espacio necesario para guardar la maquinaria, ni el taller, 
ni la vivienda, ya que no tienen que estar necesariamente al lado 
de los edificios de producción. 


Superficie Boxes individuales Establo lineal engorde toros 


necesaria para engorde de terneros pav. completamente ranurado 
enm? para ... terneros para ... animales 
100 200 300 400 100 200 300 400 


Establo 340 640 930 1200 400 940 1.410 1880 
Forraje = # + 50 100 150 200 
Silo transitable М = a = 560 1.000 1.250 1.500 
Estercolero 50 100 150 200 120 200 300 400 
Circulación 200 200 200 200 650 560 750 850 
Patio 1.110 1.600 2.200 2.640 1.210 2.100 3.140 2.170 


Superficie 


total en тё 1.700 2.540 3.480 2.990 4.900 7.000 


Anchura de p 
la parcela 
enm 


13] Engorde de ganado vacuno 


Superficie Establo de amarre Establo lineal de boxes 


necesaria 


en m2 para ... vacas para ... vacas 


80 


Establo 


Lechería 20 20 30 60 80 80 80 
Sito transitable 250 380 500 310 500 750 1250 
Forraje 100 150 200 130 200 300 500 
Estercolero 200 300 400 260 400 600 1000 
Circulación 500 750 1750 


Patio 


Anchura de 
la parcela 
en m 


[5] Vacas lecheras con cría nocturna 


Superficie Cultivo Cultivo 
necesaria de cereales de piensos 
en m? para ... ha еп... ha 
60 80 100 80 100 120 


Nave de maquinaria 


Superficie de vertido 

y estercolero 250 250 250 250 250 250 
Circulación 

y depósito 180 200 220 180 200 220 
Patio 200 230 250 200 230 250 


Superficie 


total en m? 1.020 


950 


970 1.040 860 
Anchura de 


parcela en m 


(7) Cultivo de cereales 


GRANJAS 
MÁQUINAS Y APEROS 


Ámbito del edificio Dimensiones Tamaño de la industria 


Garaje para tractores | Superficie 
y segadoras Profundidad 
Altura 
Garaje para explota- | Superficie 
ción agraria 20 СО) | Profundidad 
Altura 
Tractor 
Segadora 
con rastrillo orbital Superficie 
Taller Superficie 
Cochera explotación | Profundidad 
forrajera sin Altura 
campos propios Superficie 
Cochera explotación | Profundidad 
forrajera y agrícola Altura 
Cochera explotación | Superficie 
agrícola Profundidad 
sin ganado Altura 
Cocheras para Superficie 
explotaciones de Profundidad 
montaña 
20 CG 


1 CG = Cabezas de ganado 


(3) Espacio necesario en garajes y cocheras 


Características Ціт) 


© Tractor con segadora frontal (4) Superficie necesaria para el paso Tractores con estribo de seguridad 
y remolque de tractores Tractores estándar hasta 60 PS 3,3-3,7 
и Tractores tracción 60-120 PS 4-5 
4 ruedas 120-200 PS 5,5-6 
(incluido remolque) 
Remolcador con hasta 45 PS 4,5 
plataforma 
Aparatos de transporte (con tijera de tracción) remolque de dos ejes 
Plataforma hasta 31 aprox. 6 1,8-1,9 aprox. 
Plataforma 3-5t aprox. 6,5 1,9-2,1 aprox. 
y volquete 5-81 аргох. 7 2,1-2,2 аргох. 
Remolque de un eje hasta3t aprox. 51) 1,9-2,1 аргох. 
{соп гаѕсадог) 3-5% 5-5,51) 2,1 aprox. 
Pienso verde о volquete 5-81 к 5,5-6 2,2-2,25 аргох. 2 
Plenso:Saco 19 6,95 |2,35 294 remolque con tanque 3-6 m 5,5-6,5 1,8-2 1,8-2,2 
Pienso verde 11 78 |246 2,45 Máquinas para trabajar la tierra (en posición de transporte) 
Pienso seco 12 |” А 3,1 Arado (incorporado) 2 rejas aprox. 2 aprox. 1,2 aprox. 1,2 
Pienso seco 12 2,3 3 rejas 2,7-3,3 1,3-1,5 aprox. 1,2 


5 rejas 4,5-5,5 2-2,5 ` аргох. 1,2 
Arado giratorio 2 rejas aprox. 2,3 aprox. 1,1 1,3-1,7. 
(іпсогрогаао) З гејаѕ 2,9-3,3 1,4-1,6 1,3-1,7 

5 rejas 2-2,5 1,3-1,7 
Сийімадога 2,3-3 0,6-1,1 
Rastrillo de disco 1,7-3,5 0,7-1,1 
Combinación de 1,1-1,3 
aparatos 2-3 1,1-,2 
Arado de fresa . hasta 3 m 1 
Rastrillo vibrador hasta 3 m 1 
Rastrillo de rodillo hasta 3 m 0,8 
Rodillo 3 partes 


Pienso verde 18 
Pienso seco 14 
Pienso verde 
Medida directriz 13- 
para remolques 20 
Medida directriz 

para remolques 


Diseminadora de abono mineral 
Sembradora de caja 

Sembradora centrífuga incorporado 
Sembr. grandes sup. colgado 


2 Diseminadora de establo, aprox. 0,5 más larga 


© Medidas de la maquinaria agrícola 


к—12——+— 20-30 ———4 


ө Pequeña nave de maquinaria con calle lateral М2, 


35] 


Ganadería 


1 
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` : ч | 12 | | aguas y sólidos 
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17) Gran nave de maquinaria con calle central. Pilares intermedios O Gran nave de maquinaria y utillaje con сайе transversal 
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GRANJAS 


Manipulación 

ии ALMACENAJE DE PIENSOS 

(grúa de cuchara) 

Producto vertido 

(cilindro dosificador) 

Producto vertido 

(fuella, fresa) 

Por unidades Producto Peso Espacio necesario 
en volumen (almacenaje antes 
dt/m3 de compactación) 

Por unidades m?/dt 

Непо: Producto largo 
(Calidad entre buena y muy buena. 


altura de almacenaje 2-6 m 0,7-1,2 1,7-1 
trituración, 5 cm) 
(Calidad entre buena y muy buena 


altura de almacenaje 2-6 m 0,9-1,2 1,3-1 
Balas de heno, sin estratificar 1,3-1,7 0,9-0,7 
Balas de heno, estratificadas 1,6-2 ‚0,8-0,6 
Непо ventilado 1,2-1,7 1-0,7 
Torre de heno 1,5-1,8 0,8-0,7 
Verde seco - Cobs 5-6 0,2-0,17 
En silos: Alm. prod. secos (35-25 % prod. húm.) 5,5-7 0,2-0,16 
Alm. de maíz (28-20 % prod. húm.) 6-7,5 0,18-0,15 
Hojas de remolacha 8,5-9,5 0,13-0,12 
Pienso de nabos 6,3-7 0,16-0,14 
Vigorizantes triturados 5,5-6,5 0,22-0,19 
Pienso seco 3,2-3,5 0,38-0,34 


_—-——..—————————————. 
Los espacios de almacenaje descritos no incluyen el espacio necesario para la meca- 
nización de las tareas de llenado y vaciado (por ejemplo, vestíbulo, transportadores, 
grúa, etc.), sin embargo, sí incluyen un suplemento de llenado dei 20 % para heno y los 

* vigorizantes y del 10 % para los productos ensilados. 


© Almacenaje de cereales y pienso 


Tractor con rodillo 


Tractor de almacenaje 


Sumidero para la 


evacuación de agua 
E e En grandes silos, almacenaje Para pequeños silos especiallzados 
sobre todo con cargadores y almacenaje directo 
— 12,5 —= == 12,5 ——ч frontales 
14) Nave para almacenar heno (10) Silo plano > Ф Silo plano con rampa 


Separación mínima a paredes ^ 
по resistentes al fuego _ 
HH 50 — 


HA 25 —— 


Silo айо de llenado con cinta © Silo alto de llenado con grúa 
de cuchara 


Д transportadora 
Ganadería 
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А mano Con fresa superior Con fresa Inferior Con grúa de cuchara 


17) Torre de heno, llenado y ventilación ө Torre de heno, vaciado (14) Vaciado de silo altos (15) Vaciado de silos altos 
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GRANJAS 
EVACUACIÓN DE AGUAS Y SÓLIDOS 


Las heces líquidas y sólidas que expelen los animales dependen 

del tipo de animal, su peso (expresado en unidades de cabezas de 

ganado, 1 CG = 500 kg de peso), y del tipo y composición de la 

comida y bebida. No se puede fijar con exactitud el contenido 

de la alimentación, pues las raciones varían, por lo general, a lo 
‚ largo del año. Solo se pueden dar valores promedio > @ - Ф. 


Estiércol sólido (+ orina) 
más de 2 kg paja/CG y día 
Fertilizadora 


Fosa estiércol líquido 


(Tractor plataf. post. basc: 


Sembradora estrecha] |[Sembrad 


Bomba y 
depósito 


con compresor 


Camión cisterna 


Estiércol sólida Almacén estiércol liquido 


, 
Heces sólidas. Dado un suministro normal de forraje de 1,5-2 kg 


Depósito Соп tal Abiert Con fo: Con est, { j í i jé 
de paja por CG y dfa, y una altura de amontonamiento del estiércol 


sólido de 2-2,5 m, resulta que en el estercolero se necesita una 
(1) Esquema de almacenamiento de heces sólidas, líquidas y orina superficie de 0,5 m2/CG al mes. En la fosa del estiércol, junto a las 
heces y la orina se recoge también el agua de limpieza y buena 
parte del agua de lluvia que cae encima. Si se supone que se eva- 
pora 1/3 del agua de lluvia y que el estercolero tiene 3 m? de base 
por cada CG (seis meses de almacenaje), resulta un volumen de 
estiércol de 0,64 m3/CG al mes. 

SH 105 Heces líquidas (orines). Se recogen las heces, la orina y el agua de 
Yana de protección lluvia. Si la orina se recoge en fosas cerradas, no se añade agua 
de lluvia; en las fosas abiertas, para prever el agua de lluvia, bas- 
ta que el perímetro supere en 20-30 cm la cota superior de la 
: : orina. Al evaporarse el agua de lluvia y parte de las heces líquidas 
++ Cámara fangos, ` +——тз——- se vuelve a aumentar la capacidad de la fosa. En la cría de ganado 
lechero se producen 1,4 m9/CG х mes de orina. En el engorde de 
Depósito con lámina sintética toros, con alimentación de maíz almacenado en silos, la producción 

de impermeabilización de orina se reduce hasta 1 m3/CG х mes. 


Tipo de animal Heces sólidas [Orina ¡Nutrientes contenidos an las heces sólidas 
dyCG туса | тусе |м 
К тез теѕ төз kyCG/mesP¿0s K:0 Сао MgO 
Caballo 73 1 01 45 21 4 1,8 1,05 


Abertura al menos 
80 x 80 cm 


Máx. altura 


12) Contenedor sumergido (macizo) 


principal 


Homogeneización ` 5 
Pendiente 2-3 % Cámara ++ 
fangos máx. 15 т 
Contenedor elevado con estación Contenedor elevado con fosa 
de bombeo previa 


Almacén dé heces sólidas encima 


Establo de la fosa de líquidos 


56 28 84 28 15 
84 58 42 42 1,4 


15,2 15,2 95 28,5 3,8 
Fertilización de heces sólidas, Almacén de heces sólidas rehundido, 


incluida fosa de líquidos con fosa lateral de líquidos Ф Producción de heces líquidas y composición 
4 Ampliación 
| T 


min.: 0,5 % 


2 codos 
de 45° y 


pieza 
intermedia 
DIN 


Bueyes || 
O зла 
Bueyes 
min. 8 
П 
| 
Bu Е } 
еуез / 
mm баш: 
y Bueyes | 
-—p 
A em mm 
¡E 
а F 
A y; 
a 8. 1 
2. 
8 


} == 
Ampliación Ampliación $ Arqueta sifónica 

Almacén de heces sólidas situado Almacén de heces sólidas situado en Aimacén de heces sólidas, Cierres estancos al gas para fosas 

en un testero, fertilizadora dividida un testero, entrada lateral al establo situado a un lado de orina o canales de recogida de 


estiércol líquido 
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GRANJAS 


Generalidades 
Superficies 
necesarias 
Máquinas 

y aperos 
Almacenaje 

de piensos 
Evacuación de 
aguas y sólidos 
Condiciones 


climáticas en | 


los establos 


Ventilación por gravedad 


Ventilación forzada 


Por conductos 
Por la cumbrera 
y los aleros 
Por sobrepresión 
Por depresión 
Por equilibrio 
de presiones 


(1) Sistema de ventilación 


Se necesita un conducto de al menos 

5 т de longitud, solo funciona sin coste 
energético cuando la temperatura 
exterior es baja. 


Requisito: cubierta = tejado: dificultades 
cuando se dan inversiones térmicas, 
la entrada de aire debe ser regulable. 


Ventilación a través de 


(2) Ventilación a través de conductos la cumbrera y los aleros 


Instalación sencilla, extracción dirigida 
(protección del medio ambiente), difícil 
combinación con la calefacción; consumo 
de energía: 98-105 kWh/CG y año 


Problemas cuando sopla viento, no hay 
extracción dirigida, se puede combinar bien 
con el sistema de calefacción; consumo 

de energía:105-125 kWh/CG y año 


(4) Ventilación por sobrepresión 5) Ventilación por depresión 


Ventilador axial 


; Ventilador radial 
Instalación compleja, distribución segura del I> 
aire, funcionamiento independiente del todo 

de las condiciones climáticas, combinación 

sencilla con calefacción; elevados costes 

(de 1,5 a 2 veces costes de un sistema de 

ventilación por depresión); consumo energía: 

aprox. 205 kWh/CG у año. 


16) Ventilación por equilibrio de presión 17) Tipos de ventiladores 


Ventilador radial 
Trampila 
de acceso 


Bastidor para la manta de filtro 


Manta de filtro de polvo 
(1,1 m? para 1.000 тэ de aire) 


Perfil de protección 


Y +, 
- 7” Mezcla de virutas de madera 
2 y fibras sintéticas 


Rejilla metálica 


Cámara а 
de compresión Rastreles о piezas 
Amara de tangos prefabricadas de hormigón 


instalación de filtrado en el suelo (según Zeisig) 
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GRANJAS 
CONDICIONES CLIMÁTICAS EN LOS ESTABLOS 


Las condiciones climáticas en los establos tienen, junto a la alimen- 
tación y al método de cría, una influencia decisiva en el rendimien. 
to y en la salud de los animales. Por condiciones climáticas en un 
establo se entiende la influencia conjunta de factores como: 
temperatura, humedad del aire, movimiento del aire, Composición 
del aire, iluminación, ventilación, superficie acristalada, volumen del 
establo, orientación solar y aislamiento térmico del cerramiento. 

Velocidad de entrada del aire, según la anchura del establo, entre 
2-5 m/s. Los sistemas de ventilación se dividen en ventilación por 


gravedad y ventilación mecánica —> Ө - Ө. 
рага anim. | " valor- 
Ита ст 
5 
Асідо | 


3,5 

0,05 0,05 

0,01 0,01 
sulfhídrico 


Máxima concentración en puestos trabajo 


El diseño debería basarse, al igual que en la ventilación forzada, en el cálculo del 
tamaño de las aberturas de impulsión y extracción. Se han de calcular para las 
renovaciones de aire en verano, según lo prescrito en la norma DIN 18910, y para 
el caso de calma absoluta empleando las siguientes fórmulas: 1 


Velocidad recomen- 
dada del aire m/s 


Temperatura 
del aire en °С 


Menos de 18 


Ácido carbónico 
Amoníaco 


Más de 


Velocidad del aire recomendada 
en función de la temperatura 


Concentración admisible de gases 
en el aire del establo 


g: H: ÅT, м 
"A Т®% Re ш ™ 


w  =velocidad de extracción en la cumbrera en m/s 

g  =aceleración de la gravedad (9,81 nvs-2) 

Н =altura de la cumbrera desde el pavimento del establo (en m) 
T! = temperatura exterior en °K (+ 273 °С) 

At = diferencia de temperatura entre el aire interior y exterior en °K 
М =renovaciones del aire en verano según ОІМ 18910, en m%/h 

F, = superficie de impulsión de aire еп m? 

F, = superficie de extracción de aire en m2 i 

(para simplificar al cálculo, se puede considerar que F,/F,) = 1 


Condiciones óptimas Valores de cálculo 
para los animales recomend. en invierno 
Temp. Humedad Temp. Humedad 
del aire relativa del aire relativa 
°С del aire % °С del aire % 

Vacas lecheras, temeros 

de cría, bueyes de cría, 

cría de ganado joven 0-20 60-80 10 80 

Engorde de ganado joven, ў 

y de bueyes 20-18" 60-80 16 80 

Engorde de terneros 20-16" 60-80 18 70 

Cochinillos jóvenes, 

verracos 5-15 60-80 12 80 

Cerdos de engorde 20-19" 60-80 17 80 

Cerdos у cochinillos: 

Cerdos 12-18 . 60-80 

Cochinillos al nacer (con 

una zona calefactada) 30-32 40-60 

Cochinillos de hasta 6 sem. 20-22 60-70 

Cochinitlos, engorde previo 

hasta 30 kg 22-18" 60-80 20 60 

Cría en jaulas desde 5 kg 

hasta unos 20 kg 

(de la 2а a la 8а semana) 26-22 40-60 26 60 

Pollitos con una zona 

calefactada, disminuyendo 

la temperatura 3 grados 

cada semana 32-18" 60-70 26 60 

Gallinas ponedoras 15-22 60-80 18 70 

Pavos con zona calefactada, 

disminuyendo la 

temperatura 3 grados 

cada semana 36-18" 60-80 22 60 

Pavos de engorde desde 

7° semana 19-10* 60-80 16 80 

Patos 30-10* 60-80 20 60 

Caballos 10-15 60-80 12 80 

Caballos de montar, Р 

Caballos de carreras 15-17 60-80 16 80 

Ovejas de cría 6-14 60-80 10 80 

Ovejas de engorde 16-14“ 60-80 16 80 

% al crecer los animales, ta temperatura del aire debe ir disminuyendo del valor 

máximo hacia el mínimo 


Ф Temperatura del aire у humedad relativa del aire en diferentes establos 


oa 
AT 
x 15 
L 


Superficie de! palomar 

por pareja 0,15-0,2 тг, 
Las palomas de raza necesitan más espacio: 
1 par de palomas mensajeras 0,5 m3 
1 par de palomas de raza 1 m9 
15-20 parejas de palomas de raza en un pa- 
lomar, 20-50 parejas de palomas normales 
en un palomar 


Ө Palomas 


E 
40 
~ 
Т 
x, 

Y 35 

Ез 
Gallinero para 5 gallinas 23m 
Gallinero para 10 gallinas 25m2 
Gallinero para 20 gallinas 2 10 тг 


Barras de gallinero para 5-6 gallinas 
pequeñas o 4-5 gallinas grandes = 1 mi de 
рата = 10-12 gallinas рог m? 


ө Gallina (gallos de raza Orpington) 


Ventilación sin corriente, nidos ponederos 
en la zona de sombra, Clapetas de 
ventilación cerrables, soleado. 

La zona de estar puede adaptarse a la 
temperatura exterior, pero la zona para 


dormir ha de ser caliente, por ello a menudo 


se separa con una cortina y se aísla 
especialmente contra еі frío 


[7] Gallinero según Резеда 


35 
K 
a, l 
Superficie de cobertizo (4-5 patos) 1m, 
Altura 17-2m. 


Máxima ocupación por corral = 1 macho y 
20 hembras. Suelo macizo, sin ratas, seco 
y ventilado. Con salida al agua, a ser posible 
en un terreno pantanoso. 


Ф Pato Pekin) 


Cerca 1,75-2 m de altura 


A 3-4 m de altura, encima de postes de 

1,5 a2 m de altura, protegidos con tela 
metálica frente a los animales de rapiña; o 
en forma de palomar adosado en іа fachada 
este o sur de la casa 


En los corrales de cría de razas, los nidos 
ponederos se construyen con una trampilia 


formada por una compuerta sujeta simplemente 


соп un gancho por uno de sus lados — @ 

о por dos hojas articuladas —> @. Cuando la 
gallina llega al nido, la compuerta se levanta y 
luego se cierra detrás suyo 


(5) Ponedero abierto 


у 
РРР КЕН Р КД 


Gallinero para 20 gallinas con un nicho 
para dormir separado con aislamiento 
térmico, suelo de plancha inclinado y 
ventilación por la pared. 


Portillo de salida de 18 x 20 a 20 x 30 cm, 


protegido frente a corrientes de aire con 
tablas laterales y compuerta de cierre 


ө Sección — Ө 


(2) Nidos comunes 


(4) Bebedero 


(7 Estercolero 


5 | 


< 
25 
> |. 
Las dimensiones son las mismas que para 
los patos; para el engorde los animales se 
albergan en espacios suficientemente 
grandes о en celdas individuales de 40 ст 
de longitud y 30 cm de anchura, con 
desague de letrina y alimentador de pienso 
delante de la celda. 


© Ganso (Pomerania) 


OD Barras de asiento 
encima de la letrina 


(3) Contenedor de pienso 


© Compuerta de salida al corral 
(6) Piscina de arena (cubierto) 


І (9) Puerta para acceder al corral 
(9) Protección contra el viento 


Cada рагеја debe disponer de 2 nidos еп el 
suelo del palomar o en estantes especiales. 
Comederos en cajas de madera con 
pequeñas aberturas y bebederos de sifón 


Ө Nioo, modeto Fulton 


Los nidos ponederos se colocan en el suelo 
y se pueden superponer hasta 3 unidades 
Una encima de la otra. Dimensiones 
inferiores: de 35 x 35 hasta 40 x 40 cm de 
superficie y 35 cm de altura libre. 1 nido 
ponedero con trampilla cada 3-4 gallinas 


16) Nido ponedero con trampilla 


I $ 

П И 

Ц | 
nt Barras Н 
Ы de asiento f | 


3,75 
Enyesado 


Barras de asiento, según el tamaño de las 


gallinas, de 4 a 7 cm de anchura, de 5 a 
6 ст de altura y 3,5 m de longitud entre 
apoyos, fácilmente extraíble. 1 mi de 

barra: 5 o 6 gallinas 


© Planta — Ө 


Arq.: W. Cords 


GANADERÍA 


ESTABLOS PARA GANADO 
MENOR 


Los corrales para aves se han de 
proyectar y construir cuidadosamente 
para que su rendimiento sea óptimo. 
Han de ser limpios, bien ventilados, 
sin corrientes de aire, secos, con 
buen aislamiento térmico y a resguar- 
do de las inclemencias ctimatológi- 
cas. Se debe prever la extracción de 
excrementos y aguas sucias. La 
superficie de ventanas ha de equiva- 
ler como máximo a 1/10 de la super- 
ficie en planta del local. Actualmente 
se prefieren construcciones de ma- 
dera con aislamiento térmico. Deben 
disponer de locales auxiliares para 
preparar el pienso y de almacenaje. 
La forma del gallinero se ha de adap- 
tar a la orientación respecto al sol, 
las ventanas a sur y la puerta a este. 
Los ponederos se deben situar en el 
lugar más oscuro. El gallinero se 
subdividirá en un espacio con paja 
en el suelo y otro con barras para 
dormir, bajo las cuales se debe dis- 
poner una chapa metálica para lim- 
pieza y el estercolero con un buen 
desagúe —> Ф). El corral exterior debe 
ser amplio y disponer de una super- 
ficie con hierba, algún árbol para dar 
sombra, un estercolero y una piscina 
de arena > @, El número de gallinas 
depende del tamaño del gallinero y 
de-la superficie del corral. Dado un 
corral suficientemente grande, el 
número de gallinas por m? de corral 
puede ser de 5. Si el corral es menor 
a 4 veces la superficie del gallinero, 
solo puede albergar 1 gallina por cada 
т? de corral. Reservar suficiente es- 
pacio para contenedores de pienso 
y de agua. 


(Y Agua 

(2) Salida de aire 

G) Entrada de aire 

(4) Nido común 

© Alimentador 
automático 

(6) Bebedero 

(7) Lecho de paja 

(8) Barras 

(9) Fosa de letrina 

(0) Desagúe 


Tamaño del nido, 40/40 cm 
Еп los corrales de cría, nidos ponederos 
iguales a los de las gallinas. 

Por cada pato = 1 nido 


— 


(15) Ponederos para 4-5 patos 
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GANADERÍA 


Establos para 
ganado menor 
Establos para 


Ganadería 


GANADERÍA 


Establos para 
ganado menor 
Establos para 
ganado ovino 
Avicultura 
Ganado porcino 
Ganado bovino 
de leche 
Ganado bovino 
de came 
Caballerizas 


= 65 


< 


40 


Superficie por animal 0,65-1 m2. 


Aire fresco, seco, protección contra los Razas pequeñas 80 80 55 
rayos solares, protección contra las Razas medianas 100 80 65 
ratas, jaulas generalmente de madera, Razas grandes 120 80 75 


La profundidad es siempre la misma; conviene 
que sean fácilmente subdivisibles 


suelo con desagúe — (Y, pendiente 5 % 


Dimensiones de las jaulas 


Ф Conejo (raza belga gigante) para conejos (en cm) 


Delante de la jaula o entre dos jaulas 
abiertas a ambos lados — @. 


Pared anterior de tela metálica 

galvanizada. La jaula está realizada con alambre 

Jaulas para conejos con tela oscura y una galvanizado. 

tabla de cama a 10 cm de altura Tamaño de malla: 25/25 mm o 12/70 mm 
А Јаша de tela metálica con 

ө Comederos en la jaula dispensador automático de pienso 


к—— 0,85-1,25 ——k 
È Е 


| 


y 
Encima del pesebre, tela metálica. 


Superficie de aprisco por animal 1,5-2 m? 

Anchura por animal . 0,75-0,8 т Ladrillos planos con pendiente en 
Longitud {animales atados) 1,8 т el suelo, canal de recogida de orina, 
Longitud (animales sueltos) 2,5-2,8 т superficie ventanas = 1/10 de superficie 
Altura del aprisco 1,9-2,2 т  enplanta. 

Temperatura еп е! aprisco 10-20° Ventanas a espaldas de los pesebres 


(7) Cabras (raza alemana Saanen) Moderna Box + con 


pesebre y abrevadero cada dos 
boxes 
Recipiente iil 
para pienso Rejilla 
concentrado Rejilla 
—— 45 de separación · 
ч 
8 a 
| Superficie 
е para 
| Lugar para comer этип 


a nivel inferior 


Ф Аргізсо lineal con suelo de rejilla 


ción transversal 
k 16,7 


VT 
С ә 
© Aprisco lineal de dos espacios 
3% 


Planta 
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Para las razas pequeñas 
superposiciones de 3 unidades, para las 
razas mayores 2 unidades, con el límite 
de altura anotado (longitud ilimitada), 
suelo de listones — Ө con desagüe por 
debajo y canal colector de orina 


е Jaulas apilables para conejos 


Cajas nido para los animales jóvenes 

de madera o poliuretano (PUR); suelo del 
nido al menos 70 mm por debajo del nivel 
inferior de la jaula 


Jaula de cría con caja de nido y 
dispensador automático de pienso 


307 


140 3-55 
2044204 


> 


35 


Dimensiones normales del pesebre y del 
abrevadero en el pasillo de alimentación 
(transversales). 

Necesidades diarias por cabra: 1-2 kg 
de paja; 2-3 kg de cereales triturados 


© Pesebre y abrevadero para 
apriscos de cabras 


GANADERÍA 
ESTABLOS PARA GANADO 


MENOR 
Cría doméstica 
Las conejeras + @ - 0 Suelen 
colocarse junto a una pared a res- 
guardo del viento. Se pueden Super. 
poner hasta tres jaulas una encima 
de otra > 6). Deben estar Protegidas 
de ratas y ratones, ser fáciles de lim. 
piar y disponer de desagiles para los 
orines — Ө. 
La cría de conejos de engorde y co- 
nejos para came —> Ө - @ debe 
efectuarse en espacios cerrados con 
elevados requisitos en la construcción 
y las condiciones ambientales, Las 
crías de conejo reaccionan con mayor 
sensibilidad que los cochinillos o los 
polluelos a las condiciones climato- 
lógicas, por tanto, los conejares de- 
ben estar aislados térmicamente, El 
volumen óptimo del Conejar está 
entre 4,5 y 5,5 mi por coneja, inclui- 
da la cría, que debe estar a Oscuras, 
Temperatura en el lugar de cría: 10- 
18 °С, óptimo 18 °С, en el conejar de 
engorde es deseable una temperatu- 
ra de unos 20 °С. 
Los apriscos caprinos deben orien- 
tarse preferentemente entre el este y 
el sur, ser secos, disponer de buena 
ventilación e iluminación, superficie 
de ventanas: 1/5-1/20 de la superficie 
en planta del establo. En los establos 
masivos (lineales) con el ganado ama- 
rrado se necesita una anchura de 
75-80 ст por animal y una profundi- 
dad de 1,5-2 m, adernás del espacio 
necesario para pasillos delante y 
detrás de las plazas. Situar el corral 
oredil adosado al establo y preferen- 
temente en la fachada sur. 


SR E] 


Nichos 
para dormir ! 


1— 60 ——#— 60 ——= 


m 120 m во —Á 00 _/ 
Ф Aprisco lineal de varios espacios y nichos para dormir adosados a una pared 


Verano 5 kg de hierba/día, 0,5 kg de heno y 
6 kg de alfalfa 
inviemo 1 kg/heno/día 


agua: 2-3 Vanimaldía 


Corral Perchas Aprisco de animales 


tingal pesebre atados 
m cm Alt. libre Anch. Prof. 


Ventanas 1/15-1/20 de la superficie del establo 
Altura del establo > 2,5 m 

Abrevadero: 1 cada 30 animales; 0,4 kg de paja/día 
1,5 dt/año/cabra. Volumen estiércol 7-15 dt/cabra 


114) Mantenimiento de cabras 


85-96 


Pesebre de pared 


ЇЇ 


(2) Percha y pesebre movible 


L Paso transversal 1 


——+ Pienso, mezclas —-»' 


| Lugar para 
mezclar pienso 


Aprisco con paso transversal; 
15 m de anchura bastan para 
grupos de madres con corderos 


Buena ordenación del silo y 
del lugar para mezclar el pienso 
en un aprisco 


Aprisco sin paso para provisión 
de pienso 


Espacio necesario para lechos, comederos y superficie libre 
Superficie libre y para 
dormir рог animal en mi 
Ovejas hasta 70 kg 0,85 
Ovejas de más de 70 kg 1 
Ovejas con corderos lactantes 1,2 hasta 1,6 
Cordero hasta 8 semanas 0,3 hasta 0,4 
Сатего de engorde 0,4 hasta 0,5 
Añojo (hasta 1 año) 0,7 hasta 0,8 
Morueco en racinto individual З hasta 4 
Morueco en recinto colectivo 1,5 hasta 2 


Superficie necesaria para 
comer por апіта! en тё 


AAA 


==> 300-400 ———— 


Valla para subdividir apriscos, 
tablas de madera 40/60 mm 


Medidas 


pesos de las razas más importantes de ovejas 
Ovejas merinas Peso Altura de 
Ovejas de cabeza negra la cruz 
Могиеса 0,83 т 
Oveja 0,78 т 


120 hasta 130 kg 

2 1 rA 
Р? а 

LEO LATAS 

EA! 

ТШ 


Oveja 

Oveja con cordero lactante 
Oveja de engorde 

Carnero 

Morueco 


H- 300-400 Valores climáticos óptimos en el aprisco (según Burgkart) 
Р М Zona para; Temperatura en °С Humedad relativa del aire en % 
Valla para subdividir apriscos, tablas =, E hasta 10 60 75 
de madera y тайа de alambre -.. ablactación y engorde 10 hasta 14 80 hasta 75 
... crianza 14 hasta 18 60 hasta 70 


Espacio necesario de amontonamiento por oveja (incluida la crianza) y los periodos 
de inverne 


Material Espacio necesario 


Heno (alimentación exclusivamente con heno) 

Heno (alimentación con heno y silaje) 

Silaje 

Paja (Inctuido un suplemento de espacio vacío del 30 %) 
Pienso (Incluido un suplemento de espacio vacío del 120 %) 


H 150-200 —— 


Ө Valla extensible de tablas de madera 


E 


42,8 4,2 
(10) Apriscos para 350 ovejas, 11 


o 


corderos, 200 lactantes у 100 cameros de engorde 


з т [| socameros da engorde |] 100 cora. tactantes | 
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3 E 
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GANADERÍA 


ESTABLOS PARA GANADO 
OVINO 


Los apriscos deben orientarse 
de este a oeste. Las dimensio- 
nes para la cría individual son las 
mismas que las de los apriscos 
caprinos — pág. 462; la cría en 
rebaño requiere grandes esta- 
blos aislados, con posibilidades 
de estabulación para diferentes 
estaciones del año (invierno, pri- 
mavera, durante la época de 
lactancia y después) separados 
por edades y sexo. 

Los apriscos para rebaños se 
construyen con el pavimento a 
50-60 cm por debajo del terreno 
y el umbral de la puerta a 20 cm 
por encima del terreno. La dife- 
rencia de altura de 60-80 cm se 
compensa con estiércol, que se 
saca cada 3-4 meses. Por ello, 
las perchas de los pesebres, de- 
ber poder ser colocadas a dife- 
rentes alturas; pueden ser circu- 
lares Y 2,2 то lineales, en cuyo 
caso basta con 3,4 m lineales 
para 25-30 ovejas. Separación 
entre los pesebres: 2,3 m y des- 
de la pared: 1,8 m. Las puertas 
estarán orientadas a sur y parti- 
das a media altura. Anchura 
puerta > 2,5 m, altura puerta 
> 2,8 m, para poder sacar el es- 
tiércol en carros. Así, la altura del 
aprisco es de 3,3-3,5 m. La su- 
perficie de ventanas entre 1/20 y 
1/25 de la superficie en planta 
del aprisco; deben ser altas y de 
hojas basculantes, Todos los 
elementos constructivos irán 
protegidos de la corrosión debi- 
da a las sales del estiércol hasta 
15-20 cm por encima de la altura 
máxima de este. 

Lugar para mezclar el pienso: 
1/10-1/15 de la superficie desti- 
nada al ganado. 

Espacio necesario para heno y 
paja: 3 m3/oveja. Para rebaños 
pequeños prever un almacén 
de nabos > 6 пт. 
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GANADERÍA 


Establos para 
ganado menor 
Estabios para 
ganado ovino 
Avicultura А 
Ganado porcino 
Ganado bovino 
de leche 
Ganado bovino 
de came 
Caballerizas 


Ley alemana de 
protección animal 
Ordenanza 
alemana sobre el 
bienestar de los 
animales en las 
granjas 
Reglamento de la 
UE sobre 
producción y 
etiquetado de los 
3 productos 
ecológicos 


Ganadería 


GANADERÍA 


Establos para 
ganado menor 
Establos para 
ganado ovino 
Avicultura 
Ganado porcino 
Ganado bovino 
de leche 
Ganado bovino 
de carne 
Caballerizas 


circulares 
Cadena 


Baterías compactas 
de jaulas 


12) Gallinero para ponedoras con baterías y sótano para heces 


Superficie mínima 2,5 m? А 


Superficie/animal mín. 800 cm?/anima!, 900 cm? en animales 
de un peso mayor de 2 kg 


Alturá de las instalaciones 
de cría 


mín. 60 cm (lado comedero), en ningún punto 
menos de 50 cm 


mín. 90 cm añchura de pasillo entre las filas, 
separación del suelo mín. 35 cm 


Distribución de las 
instalaciones de cría 


Superficie para cama mín. 900 cm? para grupos de hasta diez aves, 
en grupos de más de 30 animales se debe 
aumentar la cama en 90 cm? por cada animal 


adicional 


mín. 12 cmYanimal, 14,5 cm? en animales 
de un peso mayor de 2,5 kg 


mín. 15 cm/animal, mín. dos perchas en alturas 
diferentes por unidad de cría 


en edificios de nueva planta, 
3 % de la superficie en planta 


Comedero 


Aseladeros 


lluminación 


13) Exigencias para la cría de gallinas ponedoras en grupos pequeños según 
Іа Ordenanza alemana sobre el bienestar animal 2008-08 [01] 


Cría de gallinas ponedoras Cría en batería con 3 niveles 


ө ~en el suelo; para 1.600 gallinas 
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-| Zona de yacija о 


de jaulas, para aprox. 4.800 gallinas 


GANADERÍA 
AVICULTURA 


Las exigencias legales para la cría de gallinas ponedoras están 
reguladas en la Ley Alemana de protección animal al igual que 
en la Ordenanza alemana sobre el bienestar animal (22 de agos. 
to de 2006). La Ordenanza contiene disposiciones generales para 
la cría, la alimentación y el cuidado de animales de explotación 
válidas para todo tipo de explotación animal, al igual que disposi- 
ciones especiales para la cría de gallinas ponedoras con fines 
económicos: 

Para la cría de gallinas ponedoras se permiten los sistemas de cría 
sobre el suelo > @ en uno o más niveles, con o sin corral al aire 
libre, y la cría en grupos pequeños > Ө en gallineros con zona de 
yacija, nidales y aseladeros. 

Para la cría campera es de especial importancia un corral al aire 
libre (zona рага escarbar exterior, separada del gallinero y cubier- 
ta con solera constructiva) entre el edificio del gallinero y el terra- 
no libre. 


Densidad máx. 9 gallinas/m? superficie útil, en el caso de cría en el 

de población suelo sobre múltiples niveles, máx. 18 animales/m? 
superficie en planta del gallinero 

Niveles máx. cuatro niveles apilados, formando el suelo 


del gallinero el primer nivel 
Tamaño del grupo sin separación espacial, máx. 6.000 animales 


Comedero lineal: mín. 10 cm de espacio/animal 
Comedero de plato: mín. 4 cm de espacio/animal 


Alimentación 


Bebedero Bebederos lineales y de plato: 2,5 cm/mín. 1 cm 
еѕрасіо/апітаі 

Bebederos de tetina о niple/de campana: 

mín. dos bebederos/hasta diez animales y otro más 
por cada diez animales más 

Nidales Nidal de grupo: mín. 1 m? para máx. 120 animales 
Nido individual: máx. siete animales/nido (135 х 25 em) 
Aseladeros mín. 15 cm/animal, separación horizontal de los 
aseladeros 30 cm, distancia hasta la pared 20 cm 


mín. una tercera parte de la superficie del corral 
cama y тіп. 250 стг/апітаі 
Gallinero abierto con 
espacio para 
escarbar 


para todos los sistemas de cría con acceso a un terreno 
al aire fibre (si no hay inconvenientes 
tecnicoconstructivos ni otras razones legales en contra) 


mín. 35 cm altura/40 cm anchura, 
mín. 1 m/500 animales, repartidos homogéneamente 
a lo largo del paramento exterior 


Huecos de acceso al 
corral abierto 


en edificios de nueva planta 3 % de la superficie 
en planta 


iluminación 


Exigencias para la cría de gallinas ponedoras en el suelo según la Ordenanza 
alemana sobre el bienestar animal 2008-08 (01] 


Todas las instalaciones de cría deben tener una superficie mínima 
de 2,5 m? y estar equipadas de tal manera que las gallinas puedan 
moverse adecuadamente según sus necesidades, y picar, beber, 
descansar y revolcarse en la arena. La iluminación debe permitir 
que los animales puedan distinguirse unos de los otros y que las 
personas encargadas de la alimentación puedan observarlos. El 
suelo debe permitir un buen agarre de los animales y el acceso a 
comederos y bebederos de tamaño suficiente y distribuidos por 
la superficie. Durante la temporada de puesta, las instalaciones 
deben contar con nidos de libre acceso con suelos que hagan que 
los animales no estén en contacto con las rejas. Además debe 
disponerse una zona con yacija, que permita a las gallinas picar, 
escarbar y revolcarse еп la arena. A las gallinas ponedoras de 
un grupo se les ha de prestar la posibilidad de descansar todas al 
mismo tiempo sobre aseladeros. 

Tablas y texto de: DLG e. V. (ed.), Legenhennenhaltung [02] 
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Pienso Establo de cubierta 
Pienso Establo de crianza 
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Establos para cría de cerdos con y sin pasillo para alimentación (representación 
gráfica del funcionamiento) 


Superficie del establo 
т? (neta) 


Superficie exterior 
т? (neta) terreno exterior 
sin superficies de pasto 


0,6 (hasta 50 kg de peso 


Cerdas en lactación 7,5 
con lechones de hasta 
40 días 

Cerdos de producción 0,8 (hasta 50 kg de peso 
vivo) t vivo) 

1,1 (hasta 85 kg de peso | 0,8 (hasta 85 kg de peso 
ї vivo) 

1 (hasta 110 kg de peso 
vivo) 


vivo) 
1,3 (hasta 110 kg de 
peso vivo) 


Cochinillos de más de 0,6 
30 días de edad y hasta 
30 kg de peso 


1,9 cerda para cría 
8 verraco 


Cerdos para cría 2,5 cerda para cría 


6 verraco 


Exigencias a los locales de estabulación para cerdos según el Reglamento de la 
UE w producción y etiquetado de los productos ecológicos 2092/91, anexo 
VIII [03 


Tc do 


Cerdas jóvenes 1,85 (tamaño de! grupo de hasta 5 animales) 
1,65 (tamaño del grupo 6-39 animales) 
1,5 (tamaño del grupo > 40 animales) 


Cerdas 2,5 (tamaño del grupo de hasta 5 animales) . 
2,25 (tamaño del grupo 6-39 animales) 
2,05 (tamaño dei grupo > 40 animales) 

Cerdos de producción 0,5 (30-50 kg de peso vivo) 
0,75 (50-110 kg de peso vivo) 
1 (> 110 kg de peso vivo) 

Cochinillos destetados 0,15 (> 5-10 kg de peso medio) 
0,2 (> 10-20 kg de peso medio) 
0,35 (> 20 kg de peso medio) 


Exigencias para la cría de cerdos según la Ordenanza alemana sobre 
el bienestar animai 2008-08 [1] 


$ 
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GANADERÍA 
GANADO PORCINO 


Las exigencias legales para la cría de cerdos están reguladas en la 
Ley alemana de protección animal, al igual que en la Ordenanza 
alemana sobre el bienestar de los animales en las granjas (22 de 
agosto de 2006). 

La ordenanza contiene disposiciones generales sobre los locales 
de estabulación y la cría de cerdos: 

Locales de estabulación (con la excepción de celdas de parto) 
tienen que construirse de modo que cada cerdo pueda ver a otros 
cerdos criados en el local. 

Los cerdos tienen que poder descansar, levantarse y acostarse 
libremente y moverse de modo natural. 

Deben disponer de una zona de reposo convenientemente dre- 
nada. Deben estar en el menor contacto posible con la orina y los 
excrementos. 

Deben disponerse instalaciones adecuadas para reducir la carga 
térmica en caso de altas temperaturas en el establo. 

En toda la zona de cría y en los pasillos, el suelo tiene que ser no 
resbaladizo y firme. 

La ejecución técnica tiene que ser adecuada para el tamaño y el 
peso de los cerdos y no debe tener huecos, rendijas o aberturas 
que constituyan un riesgo de herida. 


Si se utilizan suelos emparrillados serán las anchuras máximas 
de las aberturas 11 mm para lechones, 14 mm para cochinillos 
destetados, 18 mm para cerdos de producción, y 20 mm para 
cerdas jóvenes, cerdas y verracos. La anchura de las viguetas en 
la zona de cría tiene que ser como mínimo igual a la anchura de los 
huecos, si se utiliza un suelo emparrillado de hormigón será de un 
mínimo de 5 cm para lechones y cochinillos destetados y de 8 cm 
para los demás cerdos. Si se utiliza un suelo de reja metálica, las 
barras deben estar recubiertas y disponer de un diámetro total de 
9 mm como mínimo, recubrimiento incluido. 

El suelo del área de reposo tiene que realizarse de modo que se 
eviten daños para la salud de los cerdos debidos a una extracción 
de calor demasiado alta o baja. La proporción de aberturas en 
el suelo no debe exceder el 15 % (excepto en recintos para cochi- 
nillos destetados). 

La iluminación tiene que efectuarse (en edificios de nueva planta 
posteriores al 4 de agosto de 2006) con luz diurna natural. La 
superficie de los huecos de luz tiene que corresponder como mí- 
nimo al 3 % de la superficie en planta del establo y estar dis- 
puestos de modo que se consiga una distribución homogénea de 
la luz. La superficie de los huecos de luz puede reducirse hasta el 
1,5 % de la superficie en planta del establo por razones tecnico- 
constructivas, tipo de edificación o legales urbanísticas, si se ga- 
rantiza una iluminación artificial que corresponda en lo posible a la 
luz diurna. 


Además debe garantizarse que para cada animal tenga materiales 
para olisquear que no comprometan la salud y contribuyan al 
comportamiento natural de exploración y pueda ser manipulado y 
alterado por el cerdo. Cada cerdo debe tener acceso permanente 
a una cantidad suficiente de agua de calidad; en caso de cría en 
grupos deben disponerse suficientes bebederos separados de los 
comederos. 


Además de las exigencias generales que contiene la ordenanza 
alemana sobre el bienestar animal, en la de las granjas hay más 
disposiciones especiales referentes a la cría y a los locales de esta- 
bulación para lechones, cerdas jóvenes, cerdas y verracos > Ө. 


Si el ganadero pretende comercializar sus productos como ecológi- 


cos, debe cumplir además las exigencias del Reglamento de la UE 
sobre producción y etiquetado de los productos ecológicos — Ө. 
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Ganadería 


GANADERÍA 


Ley alemana de 
protección animal 
Ordenanza 
alemana sobre el 
blenestar de los 
animales en las 
granjas 
Programa alemán 
de fomento de 
inversión agraria 


AFP 

Reglamento de la 
UE sobre 
producción y 
etiquetado de los 
productos 
ecológicos 


Ganaderia 


GANADERÍA 


Establos para 
ganado menor 
Establos para 
ganada ovino 
Avicultura 
Ganado porcino 
Ganado bovino 
de leche 
Ganado bovino 
de carne 
Caballerizas 


H— 270-280 — 


© Boxes para estar tumbados 


ө Establo 


(6) Establo 


O кзз 
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EL 13 


э— 5% 
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(4) Plaza individual para terneros 
(de 14 días hasta 10 semanas) 


RAR 


ШШ 
Planta 


lineal con 3 hileras de boxes, para vacas lecheras con ganado joven 


lineal con 2 hileras de boxes, para vacas lecheras con ganado joven 


H 3,46 4-- 3,45 + 3.45 +- 


2 +12+- 5 17+ 24 


Planta 


de amarre con 3 hileras, para vacas lecheras con ganado joven 


AUN 


ЈАДЕТЕ 
= 5 +5 5 454 5 5 4 


ALT 


ШШШ ACI ШИ 
e 10—45 45 45 4+5 + 5 + 5 4 


43.45 + 3,45 3.45.4 


GANADERÍA 
GANADO BOVINO DE LECHE 


Las exigencias para la construcción de establos del programa de 
fomento especial acorde al Programa alemán de fomento de in- 
versión agraria constituyen el estándar actual de condiciones de 
explotación de animales adaptadas para. su bienestar; Pueden 
considerarse exigencias mínimas que, en casos excepcionales y 
según las condiciones de la empresa, pueden cambiarse. 

Las exigencias definidas para la ganadería ecológica en el Regla- 
mento de la UE sobre producción y etiquetado de los productos 
ecológicos y las recomendaciones para vacas astadas apuntan 
a evoluciones futuras también para la ganadería de vacuno tra- 
dicional. 


Dimensiones y diseño del cubículo 

Las dimensiones de los cubículos tienen que orientarse en las 
medidas promedias del 25 % de los animales más grandes de un 
rebaño. Se calculan las medidas para vacas individuales de este 
modo: 

Longitud tumbada: (0,92 x longitud del cuerpo en diagonal) + 
21 ст 

Longitud cubículo: longitud tumbada + 21 cm + (altura hasta la 
cruz x 0,56) 

Anchura cubículo: altura hasta la cruz x 0,86 


Tablas y texto de: LVVG (ed.), Planungshilfen Stallbau [04] 


Recomendaciones 
para vacas 
astadas 


Ganadería 
especialmente 
adaptada al 
anima! 


Superficie m? 

Establo 5 por cada 

Patio de ejercicio cabeza de 
ganado/ha") 

Anchura cubículo 120 hasta 130 

cm 

Longitud cubículo 240-250/ 270-3002 

ст 270-2802 

em р 


ia al suelo de 
los separadores cm 
¡IR |. зине кичи 


Anchura en 
> 250 


Reglamento de la 
UE sobre 
producción y 
etiquetado de los 
productos 
ecológicos 


6 por animal 
4,5 por animal 


9 por cada cabeza 
de ganado/ha! 
12 por animal 


120 


comedero cm 
Anchura pasillo 
alimentación cm 


Anchura pasillo 
ejercicio cm 


Proporción animal/ 
plaza comedero 


Proporción animal 11 


1:1 (1:2:1 


Superficie huecos 
de luz en % de la 
superficie en planta 
del establo 


Superficie de reposo. 
en estabulación libre 


Ё Ё 
a 
о 
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Superficie de reposo 
en estabulación libre 


3 
К 
5 
5. 
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ш 
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uras en suelo 


Ы{: 


- Suelo reticulado en 
máx. 50 % de la 
superficie útil 
del establo 

- Cama de paja 

- Patlo de ejercicio o 

pasto 


Pasillo entre 
cada 12-15 
cubículos 


1) superficie de reposo, ejercicio y alimentación 

2 con pasillo perimetral o central, cubículo profundo 

Э еп alimentación diaria, es decir, racionamiento de pienso compuesto en el comedero 

% superficie de ejercicio a partir de un año de edad (superficie transitable en cualquier 
momento, 50 % de las superficie de cubículos) 

Э de esta se pueden considerar 3 m? сото superficie de ejercicio 


Өө Exigencias para la ganadería de vacas lecheras según normativa alemana 
2008-06 [04] 


Tipos de estabulación para toros de engorde 


Establo puestos amarre Establo lineal Establo con suelo 
recubierto paja completamente ranurado 


cortos y rejilla para orina 


Corral estándar 
relación zona 
comer/tumbarse: 
1:1 
1:2, 1:3 


Corral estándar 


relación zona 
comer/tumbarse: 


Establo lineal 


Ф Tipos de estabulación para toros de engorde 


Bebedero doble Bebedero doble 


Campana de protección 


Rejilla orines o 
suelo ranurado 


Canal recogida heces Según el peso dei animal 


0,8 
Evolución peso Long. puestos Anchura puestos 2,7-3,3 
hasta 300 kg 120ст 70-80 cm 
hasta 600 kg 140 cm 90-100 cm 
i i Establo con el suelo elevado y 
a sin paló, paraitoros completamente ranurado para toros 


de engorde con pasillo laterat 
== 2% _ 3 
0,7 0,4" 0,4 0,7 


2,7-+2,2+-2,7+1 

Е 

ТИШТИ КО а а ааа a алела 
Ed 
Ж 
em 
t 
+ 
1 -E_ ____—e———_—__— 3] 
ч Engorde 
a final 
E g 


A A A ——————--—-- 


— 9,6 —— 5,6 —— 5,6 ——— 5,6 —— 5,6 — 58 — 


NAAA 33,6 


Establo con el suelo elevado y completamente ranurado para 96 toros 
de engorde con cambios de establo, paso exterior 


0,8 


Pr 32H 4 + 32+3 


0,8 


0,8 
а 4 — 4 = 56 —— 566 1m 


+ 3,2+ 32+ 3,2 


Establo con el suelo completamente ranurado para 96 toros de engorde 
con cambios de establo, pasillo detrás de los establos 


16) Sección del establo para diferentes tipos de estabulación 


GANADERÍA 
GANADO BOVINO DE CARNE 


Los métodos de crianza en los establos de engorde pueden efectuar- 
se en grupo o aisladamente > @. La estabulación individual exige 
un ajuste constante de la plaza al gran crecimiento corporal de los 
toros, se necesitan plazas de amarre diferentes por grupos de edades. 
Es preciso adoptar soluciones рага la buena eliminación de la orina 
de la superficie para estar tumbados. La ventaja de la crianza indivi- 
dual es que se eliminan los problemas del mantenimiento de rebaños. 
La crianza en grupos (6-15 animales de la misma edad y peso) 


presupone que los animales ya se acostumbren unos a otros duran- 


te los primeros meses de vida. 

Se ha de diferenciar entre establos hondos y planos, según la can- 
tidad de paja que se emplee y el sistema de extracción del estiércol. 
En los establos hondos lineales toda la superficie del establo sirve 
para que permanezcan y se tumben los animales y está recubierta 
de paja. En los establos planos la superficie para tumbarse está 
separada del lugar para comer. 

Establos de amarre para la cría individual. Se recomiendan los pues- 
tos cortos — @. Al proyectar establos de engorde de ganado vacu- 
no, se han de crear las condiciones para trasladar animales aislados 
o en grupo sin peligro alguno. Los sistemas de ventilación recomen- 
dados son por depresión, por gravedad y diferencia de presión. 
Funcionamiento seguro en cubiertas con una pendiente de 20°. En 
los establos de engorde de ganado vacuno lo más habitual es el 
método de alimentación con silos de maíz. 


Heno 

(dVaño) Espacio 
necesario 
por año (ms) 


Silos de maíz 


kg/día 


dt/año Espacio 
necesario 
por año (т) 


kg/día 


15 fase de engorde 12 43,8 6,15 0,5 1,8 1,2 
125-350 kg (Balas de heno) 


(7) Pienso necesario por animal en los establos de engorde de ganado vacuno 


Ancho dei iugar 
para comer por 
animat cm 


Medidas del pavimento ranurado 
Ancho recom. Ancho recom. 
listones mm huecos mm 


Espacio necesario y medidas del pavimento ranurado para los establos 
de engorde de ganado vacuno 
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Establos para 
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Avicultura 
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Ganadería 


GANADERÍA 


Establos para 
ganado menor 
Establos para 
ganado ovino 
Avicultura 
Ganado porcino 
Ganado bovino 
de leche 
Ganado bovino 
de came 
Caballerizas 


Todos los datos aportados están referidos 
a la altura de la cruz (ac) 


= caballos muy grandes =18m 

= caballos medianos = 1,67 т 

= ponis = 1,45 т 
@ Altura de la cruz 

aprox. 1/3 ac 

= caballos muy grandes aprox. 60 cm 
= caballos medianos aprox. 55 cm 
= ponis aprox. 50 cm 
= ponis pequeños aprox. 30-40 cm 


(2) Altura del fondo del comedero 


aprox. 1,3 x ac 

= caballos muy grandes aprox. 2,35 m 
= caballos medianos aprox. 2,4 m 
= ponis aprox. 1,95 m 


Altura de la pared de separación 
(3) entre los boxes (parte superior 
enrejada, transparente) 


aprox. 1,3 x ac 
= caballos muy grandes aprox. 2,35 т 


= caballos medianos aprox. 2,4 т 
= ропіѕ - аргох. 1,95 т 


Altura de la pared de separación 
о entre los boxes (parte superior 
enrejada, transparente) 


mínimo = 1,45 x ac 

= caballos muy grandes aprox. 2,6 т 
= caballos medianos aprox. 2,4 m 
= ponis aprox. 2,2 m 


Separar sementales y yeguas, tampoco 
alojarlos en boxes vecinos 


Altura de la pared de separación 
(5) entra los boxes (cerrada hasta 

arriba del todo, emplear solo 

excepcionalmente) 


Hoja de puerta 
o antepecho 
de ventana 


i Dimensiones de las puertas ió 
(6) exteriores de los boxes ө >0 Sección 


Anchura de pasajes 


= Caballos grandes aprox. 1,2 m 
= ponis aprox 1 т 


Anchura de pasillos siempre que sea po- 
sible 3 m, mínimo 2 x anchura del paso, 
рага permitir. el giro de los caballos. 


= caballos grandes aprox. 2,4 m 
= ponis aprox. 2 m 


[8] Anchura de pasajes y pasillos 
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GANADERÍA 
CABALLERIZAS 
información: Federación Alemana de Hípica, Warendorf 


La cría adaptada al bienestar animal es condición para la salud, el 
rendimiento y la longevidad, pero también para la docilidad y el equi- 
librio físico del animal. Hoy en día, después de 5.000 años de la 
existencia de este animal doméstico, sus necesidades no se diferen- 
cian esencialmente de las de los caballos salvajes. El caballo es un 
animal que vive en manadas y el contacto social es imprescindible, 
Tanto si se le cría en grupo como aisladamente, es preciso Conside- 
rar la estructura social y la compatibilidad del animal. En caso de que 
los caballos vivan en su propio establo hay que asegurar que exista 
contacto visual, auditivo y olfativo entre los animales. Los potros y 
los caballos jóvenes deben crecer en grupo. 

Estabulación colectiva: se distingue entre caballerizas de un solo 
espacio lo suficientemente grande como para permitir el movimien- 
to de los caballos y la cría colectiva con zona de movimiento anexa, 
Estabulación individual: la cría de caballos en caballerizas de amarre 
no es aceptable como forma de estabulación continua. Para la es- 
tabulación individual rige la norma de que siempre es mejor una 


` superficie de movimiento del tamaño de un box individual que nin- 


guna superficie de movimiento. 

En caballerizas para caballos de gran tamaño se toma como medida 
orientativa una altura libre de techo de al menos 1,5 x altura de la 
cruz, por consiguiente, de aprox. > 2,7 m. 


80 _, más estrecha para ponis 


Superficie de un box individual: 
Mínimo = (2 x ас}? 

= caballos de gran tamaño aprox. 13 тг 
= caballos medianos aprox. 11,2 тё 
= ponis aprox. 8,5 m2 
Lado menor del box: 

Minimo = 1,5 х ac 


= caballos de gran tamaño aprox. 2,7 m? itud t m ho del 
жсаБайоатпедилоз aprox. 2,5 mè Есе total (incluido el ancho del comedero) = 


porte aprox. 2,2 mé = caballos de gran tamaño 3,25 т 


= caballos medianos 3m 
= ponis 28m 
О Estatuiación individual Ф) comederos individuales 
PO абенрес LxB= 


-0 Establo de una única estancia sin posi- 
bilidad de salida permanente ai exterior 
Superficie mínima {2 x ac}? por caballo 

8 {como en box individual) 

Ejemplo: Promedio de altura de la cruz 
de los caballos a alojar: 1,67 т 
Superficie necesaria = (2 х 1,87)? por 
caballo = 11,2 те por caballo 


LxB= 
БВ ели да гаг росы и —@ Estabio colectivo соп comederos inte- 
caballos a alojar: 1,67 т grados y posibilidad de salida perma- 
Superficie necesaria = 2,5 х 1,672 nente al exterior 
por caballo = 7 m? por caballo si tas Superficie mínima 3 х ас? por caballo 
condiciones espaciales, de los (sin contar espacio comederos 
end быз Cuidadores ты ран Promedio callo de la cruz 
Ear propicis superficie puede й 
reducirse hasta un 20 % de los caballos a alojar: 1,67 т 
Superficie necesaria = (3 х 1,672) = 
Caballeriza colectiva con comederos 3,4 те por caballo 
Ф individuales aparte y abierta Ф 
continuamente a la zona de -0-0 
esparcimiento 
=> 
B С. L 


Vá 


113) Establo de una única estancia 


(14) Establo colectivo 


Establo cuarentena Erro GANADER ÍA 


y enfermería 
Sal da estar i CABALLERIZAS 
Almacén de pianso para el personal, z > ч М 
y vigorizantes oficina, vigilantes A pesar de que los caballos son insensibles al viento e incluso 


tienen una necesidad fisiológica de aire en movimiento, se ha de 

de pl Аас ja evitar la formación de corrientes. Para ello se ha de prever una 
3 instalación de ventilación con conducción forzada de aire. No tiene 

sentido intentar conseguir una temperatura “ideal” en el interior de 
la cuadra. Tras una preparación adecuada y unas condiciones 
de crianza correctas, todos los caballos soportan temperaturas 


invernales, incluso algunos grados bajo cero ~» Ө. 


Almacén de paja 


Picadero 


Pista exterior Salida carreras 
Zona de paseo 


_Preparación, almacenaje, Espacio necesario de almacén en m? 
peso (dt/m3} dado un esponjamiento del 20-30 % 
200 días de 365 días de 
estabulación” estabulación 


Heno en masa (0,75) 
Balas de heno sin compactar (1,5) 
Balas de heno compactada (1,8) 


Lugar 
para comer 


7 equivale а 10-12dt 2сотезропде a 18-22 dt 


TU 


Superficie 
para 
tumbarse 


16) Espacio necesario para almacenar heno, dado consumo de 5-6 kg/caballo/día 


| 


Preparación, almacenaje, Espacio necesario de almacén 
peso (dt/m3) en т? para 3 meses’ 


dado un esponjamiento del 20-30.% 
YB A Paja en masa (0,5) 


Balas de paja sin compactar (0,7) 
Balas de paja compactada (1 ) 


"equivale a 9 dt 


Marquesina 
50-+-— 300 -—+-150475; 


12) Pequeña cabaña de refugio 


12,5 10 
Cercado de estacas о eléctric: 


[7] Espacio necesario para almacenar heno, dado consumo de 5-6 kg/caballo/día 


Temperatura ambiental La temperatura del establo debe 
Lo acomodarse a la exterior incluso 
4 en invierno 
de Humedad ambiental - 
Intercambio de aire en las zonas mínimo 0,1 m/s 
4 јејә donde hay animales 
Contenido de dióxido de carbono en 
| el aire como indicador de gases nocivos 
Contenido de amoniaco en el aire 
Lo 2 
Acido suifhídrico 
E e a Ея ый 5 
ө Establo para 5 о 6 caballos con varios compartimentos y comederos Өө Requisitos de la estabulación 
individuales 
E 
= 
З T 
e Pasillo 
sillas de montar 
Trastero en Silo para piensos 
а а Г) 
Cobertizo para paja у heno 
Ganadería 
"y 
E 
а ~ 
6 caballos GANADERÍA 
pequeños por 
caballeriza Establos para 
ganado menor 
Establos para 
L ganado ovino 
Avicultura 
Ganado porcino 
Ganado bovino 
de lache ч 
Ganado bovino 
de came 
Caballerizas 


véase también: 
Camiones 
aparcar y girar, 
pág. 399 y ss. 


Abastecimien- 


to y gestión de 
residuos 


Zonas de carga 
y descarga 
Muelles de carga 
Sistema de 
recogida 

de residuos 

por bajantes 
Cuartos de 
basura 

Cuartos de 
grupos 
electrógenos de 
emergencia 


реке: T venta аа 


ir ша Саске ае 
recepción 
Número y dimensiones de los 1:2x3 

t; A х 4,2 


montacargas 


Envases retomables 
Almacén de fardos de papel 


Compactador fijo con contenedor [т] 
Canal empacadora con contened. іт] 


Vestíbulo de montacargas m? 
Superficie gestión de residuos (пт 
3 x 9 delante del mueile de carga 
2,5 x 9 delante del muelle de carga 


Ф Patios de carga y descarga de grandes almacenes y centros comerciales 


poo 
ON 
És 

2 

о 


оо 

ЫП] 
ч 
о 
A 


оо 


uy 


Muelle de carga y descarga: si los 
camiones aparcados están muy juntos 
debe adelantarse un poco antes de 
empezar a girar para salir 


о Muelle de carga/descarga 


i 
OA 


i 


2 Ls 


to — 8—4 


¡Tope 
ide descarga 


Ss ЭЖЕ dai A 
1 


- 1 
Muelle de carga/descarga 


de dimensiones mínimas 


Muelle de carga/descarga con 
plataformas elevables y carga/ 
descarga lateral 


o IO MOR. 


12 
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ZONAS DE CARGA Y DESCARGA 


En comercios de hasta unos 200 m? se puede partir de más bien 
pequeños vehículos de transporte de mercancías que pueden es- 
tacionarse en plazas de aparcamiento convencionales. En el caso 
de comercios de más de 200 m? deberían disponer de una super. 
ficie de 3,5 x 12 m para aparcar camiones. Los vehículos deben en 
lo posible entrar y salir en sentido único hacia adelante. Bases 
promedio para el dimensionado de almacenes grandes y mercados 
comerciales > Ф. Para patios cubiertos de carga y descarga, la 
altura libre mínima es de 4,9 т. Anchura de rampas rectas de un 
carril mín. 3,5 m, con tráfico en ambos sentidos mín. 6,75 m. Las 
rampas no deberían tener pendientes superiores al 10 % y los 


- cambios de pendiente de más del 8 % deben atenuarse con un 


radio de 50 cm. En cambios de pendiente deben considerarse 
suplementos de altura según las longitudes del camión. En rampas 
en espiral deben considerarse los radios de giro pared a pared de 
la Asociación Alemana de Carreteras y Transporte. 

La separación de seguridad en trenes de mercancía: en rampas 
mín. 1,5 m, en plataformas de carga mín. 3 m. 


Jasl— 75 -—J2st 


lasi 7.5 2, 


Patio de carga y descarga cubierto, altura libre mín. 4,9 m bajo luminarias 

si deben cargarse y descargarse contenedores de residuos. Debe controlarse 
la accesibilidad mediante los radios de giro pared a pared de los vehículos 
esperados. Tener en cuenta la posición de los pilares [01] 


Marquesina 


Акша Altura 
libre vehículo 


Nivel de РВ Rampa 


(10) Dimensiones de un muelie de carga cubierto 


Carga admisible, t 2,513,517 |13 t 
Ancho, mm: 4 1 |12| 15m 
Longitud, mm: 2,4/2,8/3,4| 3,6 т 


Ө “а: 


УОС 


Plataforma levadiza 
501 


Plataforma levadiza y móvil 
de carga 


Plataforma de carga 


Ө Eevacor bajo sí eje posterior Ө Rampa de niveiación móvil 


à oga 


к—— 303 x 153 —1 


Compensación de altura 
entre patio y camión 


[———138 х 88 —— 


Plataforma de tijeras y accionamiento 
hidráulico para compensar la Ө 
diferencia de nivel entre el muelle 
de carga y al camión 


290 300 2.300 2.000 1.500 3.000 
360 300 2.800 2.500 1.750 4.000 
430 300 3.300 3.000 2.000 5.000 


Plataforma de carga articulada 
en guía de desplazamiento lateral 


Ф Plataforma de carga 


RAMPAS, MUELLES DE CARGA, 
PLATAFORMAS LEVADIZAS 


Los muelles de carga se deben poder unir de manera fácil con la super- 
ficie a cargar o descargar, conectando de manera segura cualquier 
camión o remolque. La plataforma del camión puede estar a mayor o 
menor altura que el muelle de carga, diferencia que se puede compensar 
con plataformas de metal ligero > Ө – ©; en caso de un camión o 
camioneta muy bajo es conveniente colocar una rampa móvil de alumi- 
nio —> Ө. Estas rampas deben poder situarse con facilidad en el lugar 
adecuado. Las plataformas de metal ligero de'los muelles de carga 
deben poder desplazarse lateralmente — Ө + Ө. 

Las plataformas de los muelles de carga pueden ser móviles y fácilmen- 
te transportables de un sitio а otro -> Ө, и ocupar una posición fija y 
accionarse hidráulicamente para fijar su altura e inclinación —> O. 
Plataformas levadizas de tijeras hidráulicas para superar diferencias de 
nivel entre muelle de descarga y vehículo > Ө o entre patio de carga у 
muelle — @. igualación continua con la plataforma de cada camión рага 
proceder a carga o descarga —> @ . Carretillas elevadoras de horquilla 
disponibles con motor eléctrico, de gasolina, de gasoil o de gas —> O. 


Carga/descarga al nivel del suelo 
con plataformas hidráulicas > Ө 


0 


Ф Muelle sencillo > Ө - Ө 


Carga/descarga en el interior con 
rampas electrohidráuticas -• @ 


Muelle de carga cubierto con 
plataformas hidráulicas — @ 


Ф 


М 


Muelles de carga integrados 
con rampas levadizas 


Ф 


100 


310 


Puerta con acoplamiento hermético 
mediante segmentos de goma 


Puerta con acoplamiento hermético 
mediante reborde de goma 
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Abastecimien- 


to y gestión de 
residuos 


Zonas de carga 
y descarga 
Muelles 

de carga 
Sistema de 
recogida 

de residuos 
por bajantes 
Cuartos 

de basura 
Cuartos 

de grupos 
electrógenos 
de emergencia 


Abastecimien- 


to y gestión 
de residuos 


Zonas de carga y 
descarga 
Muelles de carga 
Sistema de 
recogida de 
residuos por 
bajantes 
Cuartos de 
basura 

Cuartos de 
grupos 
electrógenos de 
emergencia 


extinción incendios 
autorreg. 2.500 i/h 
Aparato 

de limpieza 

Zona de vertido 


con cubeta de 
141 


Compuerta de registro 
Aparato de limpieza 


Instalaciones de vertido de basura 
con ventilación directa 


Instalaciones de vertido de basura 
con ventilación indirecta 


Estación de 
vertido con 


cubo de 141 


Compuerta para el vertido 


ө Sección tipo 


de basuras 
Ventilación indirecta тү» 
юш 20/20 ст 3 
2 _ Ventilación cuarto L 
Conducto de cubos de basura 
de basura 15/20 cm 
40/40 ст в0—н 


Planta del conducto de basuras 
con ventilación indirecta 


Planta del conducto de basuras 
con ventilación directa 


Ventilación cuarto 
de cubos de basura 
15/20 cm 


Conducto de basura 40/40 cm 


Instalaciones de vertido de basuras 
con elevador inclinado — Ө 


Puerta resistente 
al fuego de cierre 
automático 
(RF90) 


Contenedor 
>, de basura 


! Sumidero Elevador 


eléctrico 


Contenedor 
de reserva , 


Ventilación 


Өө Cuarto de recogida de basura. Planta — Y) 
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SISTEMA DE RECOGIDA DE RESIDUOS 
POR BAJANTES 


En edificios de varias plantas puede instalarse un sistema de reco. 
gida de residuos por bajantes para facilitar el transporte de la ba- 
sura al contenedor de recogida de basura. 

Estos sistemas fueron muy populares en su tiempo (también y 
especialmente en edificios residenciales) y obligatorios en edificios 
de más de cinco plantas, debido al esfuerzo de mantenimiento y 
mayores exigencias constructivas (separación de fracciones de 
residuos, protección contra incendios). No obstante, hoy en día se 
utilizan sobre todo en el ámbito de edificios especiales. 

La planificación la realiza normalmente una empresa especia. 
lizada que también debería contratar el mantenimiento. 

Los sistemas de recogida de residuos por bajantes pueden propa- 
gar fácilmente incendios de una planta a otra y, por tanto, ofrecen 
un riesgo considerable. En algunas ordenanzas alemanas regiona- 
les están prohibidos (como en el Estado de Brandenburgo desde 
2003) o se condiciona al cumplimiento de exigencias constructivas 
correspondientes. 


Composición 

Los sistemas de recogida de residuos por bajantes constan de los 
siguientes elementos: la bajante con la compuerta de vertido de 
basura, el cuarto de recogida de basura con contenedores de 
reserva, prensa compactadora, etc., y la instalación de ventilación. 


Diámetro de la bajante [стт] 


Compuerta | Extracción Protección 
de vertido contra incendios 


40 25 resistente 
50 30 al fuego 
55 30 

30 15 
40-50 25-30 


Tipo del sistema de bajante 


Basura doméstica suelta 
Basura en sacos de 1101 
Papeles (residuos de oficina) 
Ropa (vivienda unifamiliar) 
Ropa (hoteles, hospitales) 


© 


Construcción 

Los sistemas de recogida de residuos por bajantes tienen que 
disponer de compuertas de vertido y cuartos de recogida sepa- 
rados para los diferentes tipos de basura y deben estar fuera de 
las zonas habitables. 

Los bajantes y los cuartos de recogida deben estar compuestos de 
elementos constructivos resistentes al fuego. 

Los revestimientos, los aislantes, los trasdosados interiores y 
el resto de instalaciones alrededor de la bajante y del cuarto de 
recogida tienen que estar hechos de materiales resistentes al 
fuego. 

Se puede exigir el montaje de una instalación de extinción de in- 
cendios > 6). 


Dimensiones para sistemas de recogida de residuos por bajantes 
(valores orientativos) 


Los bajantes de los sistemas de recogida de residuos tienen que 
tener un trazado vertical recto hasta las compuertas de vertido 
superior y sin cambios de sección. Debe garantizarse una venti- 
lación eficaz y continua > @ - Ө. Los bajantes tienen que eje- 
cutarse de modo que el fuego, el humo, los olores y el polvo no 
puedan entrar en el edificio. Los residuos se recogen de manera 
segura evitando transmisión de ruidos. Las compuertas de verti- 
do > Ө - O tienen que estar diseñadas para no producir irrita- 
ciones por polvo y para no poder introducir basuras de gran volumen. 
En el extremo superior de los bajantes debe preverse un registro 
para limpieza. Todas las aberturas tienen que equiparse con cie- 
rres de materiales incombustibles. 

Los cuartos de recogida de basura > @ - Ө deben estar di- 
mensionados con suficiente holgura. Sus accesos interiores deben 
contar con puertas resistentes al fuego de cierre automático. 
Los cuartos de basura tienen qué ser accesibles y poderse vaciar 
desde el exterior, así como disponer de una ventilación continua y 
un sumidero sifónico para evitar los malos olores. Los residuos 
deben recogerse en contenedores con ruedas. 


1] Contenedores de basura (en parte según DIN EN 840) 


Superficie con 
contenedores 
de basura 
Espacios habitables 
а 
Camino transitable 


Distribución de superficies para contenedores de basura 
(según las ordenanzas berlinesas) 


+ 
£ z 
a = 
de 
к———2,35 —2-—4 Sección 
(3) Armario empotrado para 360 I de basura doméstica 
(esquema) 
Contenedor 
de basura 2401 
H ' Contenedor 
s { de basura 660 | 
i g i 
| 
ГОО] 
a I g i | 
т g l © 
IR a 
HL 12 —] 
k 3,4 ——————4 Alzado 
(4) $ Superficies cubiertas para contenedores de basura 
Contenedor 
de basura 660 | 
Contenedor 
de basura 240 | 
Puerta 
$ resistente со o aaa > Salida directa 
al fuego STASA al exterior 
de cierre 
automático 
Ventilación 
permanente 


Acceso desde el pasillo 
común t 


Cuarto de basura para 2.940 i de residuos domésticos (esquema) 
dentro de un edificio de categoría 3-5 


CUARTOS DE BASURA 


Los residuos tienen que recogerse por separado en contenedores 
apropiados. Para ello se prevén almacenes de residuos de acceso 
fácil y seguro para los servicios de recogida dentro del edificio o 
superficies correspondientes fuera del edificio para el almacena- 
miento temporal de los residuos. Los contenedores de basura tienen 
cierre hermético y están disponibles en diferentes tamaños para los 
diferentes tipos de residuos — @. 


Debido a la alta carga de fuego (y a las posibles molestias causadas 
por el olor), las ordenanzas alemanas establecen: 


Los residuos sólidos pueden almacenarse temporalmente dentro 
de los edificios. 

Sin embargo, en edificios de más de dos viviendas o superficies 
útiles de más de 400 m? (edificios de categoría 3-5) solo si los 
cuartos de basura/almacenes de residuos cumplen las siguien- 
tes exigencias: 

1. Paredes y forjados con resistencia contra el fuego corres- 
pondiente a muros de carga. 

2. Huecos de paso desde el interior del edificio al cuarto de 
recogida con puertas resistentes al fuego, de cierre hermético 
y automático. 

3. Los almacenes de residuos pueden vaciarse directamente 
desde el exterior. 

4. Ventilación de funcionamiento ininterrumpido. 


Volumen de basuras domésticas (kg/hab./día) 
Fracción de basura reciclable [%] 


ө Volumen de basuras domésticas (valores orientativos) 


Para el almacenamiento de residuos sólidos en el exterior de los 
edificios deben consultarse las normativas locales correspondientes. 
Según las normativas alemanas, las superficies para contenedores 
de basura deben instalarse a una distancia mín. de 5 m a huecos en 
locales de estancia y elementos del edificio combustibles, y de 2 m 
a los lindes del solar. Para contenedores móviles deben pavimen- 
tarse las superficies. 

La distancia a caminos transitables no debería exceder los 30 т > Ө. 


Además debe cuidarse que las superficies para contenedores de 
basura en el exterior de los edificios puedan ser cómodamente ac- 
cesibles incluso en caso de mal tiempo, que tengan iluminación 
y quizá estén cubiertos. 


Residuos comerciales 

Los almacenes de residuos para la eliminación de basuras comer- 
ciales deben estar situados a ras de la calle y cerca de la recepción 
de mercancías. Sus dimensiones dependen del tamaño de las basu- 
ras correspondientes y necesitan un espacio de unos 90-200 m2. 
Si se utilizan contenedores que recogerán los camiones de la ba- 
sura debe preverse una altura libre mínima de 4,8-4,9 m (por deba- 
jo de la iluminación o los sprinklers). 

En caso de mayores cantidades de residuos es razonable aplicar 
trituradoras de basura y prensas compactadoras. En edificios 
de oficinas y administrativos debería colocarse además una tritu- 
radora de papel. 

Los almacenes de residuos de alimentación (basura líquida) tienen 
que estar refrigerados. 

En el caso de objetos de gran tamaño, debe haber cuartos de ba- 


` sura adicionales en las plantas (cerca del ascensor) para evitar 


utilizar el vestíbulo del ascensor para depositar basura. 


473 


Ahastecimien- 


to y gestión de 
residuos 


Zonas de carga 
y descarga 
Muelles de carga 
Sistema de 


bastecimien- 


to y gestión 
de residuos 


onas de carga y 
descarga 
Muelles de carga 
Sistema de 
recogida 

de residuos 

por bajantes 
Cuartos de 
basura 

Cuartos 

de grupos 
electrógenos 
de emergencia 


[in Jos 


Batería Compresor 


Motor diesel y —é 


Tubo de 
extracción 
de gases a 
cubierta 


Depósito de 
combustibie 


ка 


Cuarto para grupo electrógeno diesel de emergencia con ventilación y 
extracción independientes 


Potencia del generador 


Dimensiones local 


Altura local 


Anchura puerta 
о portón en m 


2 


Extracción 


vo. 
оп 
ое 
33 
E 

2E 
38 


Motor diesel y generador 


Bombonas 
Compresor [Jogo 


Cuarto para grupo electrógeno diesel de emergencia con ventilación y 
extracción independientes 


Deposito de 
combustible Motor diesel 


y generador 


| —«+— Ventilación 


— 
о Sección > Ө 


474 


CUARTOS DE GRUPOS ELECTRÓGENOS 
DE EMERGENCIA 


Grupos electrógenos de emergencia (generadores eléctricos 
diesel) 

Se denominan grupos electrógenos de emergencia a motores de 
combustión (generalmente diesel) que, mediante generadores, 
producen corriente eléctrica. Tienen su aplicación en caso de cor. 
tes de luz para un lapso de tiempo limitado (no sirven, por tanto, 
para el abastecimiento continuo de electricidad) y se encargan de 
la alimentación, р. ej.,-de la iluminación de emergencia y seguridad, 
de los ascensores y otras instalaciones críticas (p. ej., en quirófanos, 
en centros informáticos y empresas industriales, etc.). Se componen 
de un motor diesel y un generador montados sobre un bastidor 
base (p. ej., de acero) con soportes elásticos entre la maquinaria y 
el bastidor o sobre un zócalo de hormigón, y de un equipo de 
arranque y una batería > @. 

Existen grupos diesel portátiles (grupos electrógenos de contenedor) 
y grupos diesel fijos, incluida la instalación de distribución. 

Las potencias llegan según las especificaciones de 5 hasta 2.000 КУА 
(kilovoltamperios). 

El proyecto abarca la investigación las especificaciones para 

- Potencia. 

~- Insonorización. 

-= Instalaciones de extracción de gases de escape. 


Cuartos de grupos electrógenos de emergencia 

Dependiendo de la potencia y la forma del grupo electrógeno cam- 
bian las dimensiones de tamaño, altura y huecos del local > 6). La 
ventilación y la extracción pueden efectuarse a través de patinejos 
=> 0. También existe la posibilidad de expulsar el aire y los gases 
de combustión del grupo diesel por un patinejo vertical hasta la 
cubierta —> Ө + Ө. En este caso, hay que prestar atención a un 
aislamiento acústico suficiente (silenciador de celdillas) > Ө + Ө. 
Los respectivos fabricantes informan sobre los caudales de aire 
necesarios y las dimensiones necesarias para los huecos de ven- 
tilación y extracción. 

Debido el alto nivel de ruido en fases de comprobación y manteni- 
miento de los grupos electrógenos de emergencia, es recomenda- 
ble no ubicarios cerca de locales habitables que deban estar en 
silencio (p. ej., las habitaciones de un hospital). Además hay que 
tomar en lo posible medidas para mantener a un nivel bajo la emisión 
de ruidos de los locales de grupos electrógenos de emergencia 
@ DIN 4109 (Protección acústica en la edificación). Otra posibilidad 
consiste en colocar el bastidor base sobre el que se apoyan el 
motor diesel y el generador sobre unos amortiguadores de muelle 
para reducir así la transmisión de ruido a través de los elementos 
constructivos. 


Sistema de alimentación ininterrumpida 

Equipos SAI 

Entre el corte de luz y la conmutación al grupo electrógeno de 
emergencia transcurren generalmente un máximo de 15 s. Para 
garantizar que en este intervalo la alimentación de electricidad sea 
ininterrumpida se utilizan equipos SAI. Equipos SAI son aparatos 
compuestos de baterías que salvan la caída de corriente, la batería 
se recarga continuamente en red. Según el equipo y los requeri- 
mientos, un equipo SAI debe proteger los sistemas conectados de 
los siguientes daños posibles: corte de luz, alteraciones de tensión, 
picos de tensión, caídas de tensión, sobretensión, acción de rayo/ 
sobretensiones por conmutación, ruido eléctrico e inestabilidad de 
frecuencia. 


Mientras que los equipos SAI están concebidos para un tiempo de 
fallo de suministro de máx. 30 a 60 min, son los grupos electróge- 
nos de emergencia operados por motores diesel los que pueden 
soportar cortes de luz más prolongados. 
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(1) Energías renovables y su explotación 


Geometría y orientación del edificio 
Sistemas de aislamiento térmico 


Dobles fachadas, zonas de amortiguación 


Transformación natural 
de energia 


Transformación 
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de corrientes marinas 


Calentamiento de la Instalaciones de energía 
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Célula fotovoltaica, 
central solar fotovoltaica 


Energía geotérmica Central geotérmica 


de cogeneración 


Procedimientos activos 
-Cogeneración 

Centrales de energía totales 
Energía termosolar 

Energía solar fotovoltaica 
Elementos constructivos radiantes 
Tecnología de bombas de calor 


de condensación 
Sistemas de refrigeración 


; (р. êj., acumulador de hielo) 


(2) Medidas de instalaciones de edificios ecológicos 


Energía geotérmica tecnología de calderas 


x 


Procedimientos híbridos 

Almacenamiento de calor y frío en 
combinación con sistemas activos 
Acondicionamiento previo del aire a través 
de elementos constructivos/terreno 


Postulados Procedimientos 
——————_————=— A ____ a  ——--=== => 
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(3) Metas y medidas para el concepto energético y de instalaciones del edificio [01] 
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ENERGÍAS 
RENOVABLES 


SINOPSIS 


Los recursos cada vez más es- 
casos y los precios de energía 
cada vez más elevados dirigen 
el punto de mira cada'vez más 
al aprovechamiento de energías 
renovables. 

La construcción y el funciona- 
miento de edificios constituyen 
una gran parte del consumo 
energético total, 

El control del creciente con- 
sumo de las escasas reservas 
energéticas justifican la necesi- 
dad de desarrollar alternativas. 
Además del ahorro de energía 
gracias a un aislamiento tér- 
mico mejorado constantemen- 
te y métodos más eficientes 
de elaboración energética, con 
mayores coeficientes de ren- 
dimiento, el aprovechamiento 
de energías renovables desem- 
peña un papel cada vez más 
importante, El desarrollo y la di- 
vulgación de métodos y nuevos 
aparatos optimizados se res- 
paldan con programas de fo- 
mento del ahorro. 

La planificación óptima de cada 
proyecto de edificación tiene un 
papel esencial. 

La demanda prevista de electri- 
cidad y energía térmica para el 
edificio concreto debe contras- 
tarse con las posibilidades pre- 
sentes en el lugar y escoger los 
métodos más eficientes. 

Los nuevos procedimientos y 
aparatos están en constante de- 
sarrollo para mejorar su eficien- 
cia; así, también deben compro- 
barse continuamente los edifi- 
cios y los sistemas existentes en 
cuanto a su rentabilidad y, dado 
el caso, remodelarlos. 

Las posibilidades de utilizar 
energías renovables son vario- 
pintas y cada vez más amplias. 
La manera y el alcance del apro- 
vechamiento dependen de las 
posibilidades presentes en el 
lugar, del tipo y el volumen de la 
edificación, y del presupuesto. 
El uso de métodos concretos 
viene respaldado por progra- 
mas públicos de fomento y de la 
industria energética; la subven- 
ción y el tipo de ayudas depen- 
den de la región y van cambian- 
do regularmente según tas con- 
diciones. 
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Capacidad de rendimiento de elementos fotovoltaicos con relación 
a su ubicación y orientación [03] 


Caja de acometida 


(también posible 


en el interior) 


Módulos solares 


Punto inyección/cesión Contador Contador inversor 
de energía eléctrica al 
suministrador de electricidad 


(2) Principio de una instalación fotovoltaica conectada a la red de suministro [04] 


Sobre cubierta 


Ú 


Empotrada en la cubierta 


Haciendo de cubierta 


© Posibles posiciones de paneles fotovoltaicos sobre la cubierta 
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ENERGÍAS RENOVABLES 
ENERGÍA SOLAR 


Energía solar fotovoltaica 
La luz del sol se transforma en energía eléctrica mediante células 
solares y constituye un elemento importante de la planificación 


ecológica de edificios, pues se produce energía eléctrica regene- 


rativa. Las células solares aprovechan la radiación solar directa y 
difusa. Debe evitarse que haya sombras en la superficie, sobre todo 
las parciales, que tienen peores efectos que las temporales. 

El rendimiento de la energía solar depende de las condiciones cli- 
máticas y espaciales del entorno —> Ф. 

En Alemania, la orientación óptima se encuentra a un ángulo de 
inclinación de 20-35” en dirección sur. En buenas ubicaciones, en 
Alemania pueden obtenerse 800-900 kWh/m? de rendimiento anual 
promedio, у en condiciones óptimas unos 1.100 kWh/m?, Como 
regla general, se requieren unos 7,5 m? de superficie de planta por 
cada kW de potencia instalada. 

Las células solares se conectan a unidades mayores (módulos) de 
diferente tipos (mono y policristalinos, amorfos) que se diferencian 
en cuanto a potencia, coeficiente de rendimiento y aspecto visual, 
Las células monocristalinas tienen una superficie homogénea entre 
gris oscura y negra, las policristalinas, irisadas gris y azules, aunque 
también hay módulos semitransparentes. 

La transformación de la corriente continua proveniente de las cé- 
lulas solares en tensión alterna en el inversor conlleva bajas pérdi- 
das de transformación. La mayor parte de las instalaciones se 
ejecutan por razones de un funcionamiento más rentable conecta- 
das a la red de suministro: la tensión generada por la célula solar 
se inyecta en la red, para lo que es necesario un contador indepen- 
diente de cesión de energía eléctrica. 

Las grandes plantas fotovoltaicas deberían operarse con diferentes 
inclinaciones y orientaciones, con generadores y dispositivos de 
inyección en red independientes para conseguir una adaptación 
óptima. Las instalaciones conectadas a red funcionan automática- 
mente, no requieren revisión y tienen una expectativa de vida útil 
de 20 años como mínimo. 

Los paneles fotovoltaicos pueden integrarse de diversas maneras 
en la envolvente del edificio, o pueden instalarse a posteriori. Están 
ideados para la aplicación en el exterior y facilitan su uso como 
parte independiente de fachadas o cubiertas: las células solares 
son resistentes a la radiación ultravioleta y a la intemperie. Pueden 
jugar un importante papel estético y adoptar otras funciones: pro- 
tección acústica, contra miradas ajenas, pantallas contra irradiación 
solar e intemperie. Las células solares se instalan generalmente en 
la zona de la cubierta en diferentes disposiciones: montadas sobre 
cubierta (independientes, en la mayoría de los casos reequipamien- 
tos posteriores), integradas en la cubierta o formando ellas mismas 
el tejado. 

También es posible la instalación de módulos fotovoltaicos en la 
fachada, para lo que deben escogerse sistemas constructivos con 
cámara de aire para evitar reducciones del rendimiento — Ө + Ө. 


Buena ventilación de Mala ventilación de E Sin cámara de aire 
la cámara de aire la cámara de aire 


ge 


ninguna -5 % pérdida calor -10 % pérdida calor 


(4) Paneles fotovoltaicos en la fachada y posibles mermas de rendimiento [04] 


Tipo madera 


Robinia (acacia 
blanca) 


Valor calorífico de diferentes 
maderas [04] 


Caldera de calefacción de pellets 
de madera con almacenaje en un 
sótano [04] 


Calefacción de madera troceada 
con alimentador automático [04] 


Caldera de calefacción de pellets de madera con almacenaje en un depósito 
soterrado [04] 


Circuito de calefacción T 
Agua caliente sanitaria 


(5) Planta de energía térmica con instalación termosolar, caldera de madera 
y acumulador de amortiguación [04] 
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ENERGÍAS RENOVABLES 
BIOENERGÍA 


Aprovechamiento de biomasa 

El aprovechamiento energético de biomasa se realiza mediante 
procedimientos termoquímicos o biológicos (combustión, gasificación 
y licuación). 

Importantes son sobre todo el biodiesel, la madera y los productos 
residuales agrícolas. El biodiesel se genera a partir de la licuación de 
recursos oleaginosos renovables. Puede sustituir al gasóleo de ca- 
lefacción o al gas natural y utilizarse en calderas y en plantas de 
cogeneración. 


La madera como fuente de energía 

Está a disposición en gran cantidad y puede utilizarse de diferentes 
modos. El contenido de agua de madera recién talada ronda el 40- 
50 %. La madera secada al aire contiene un 15-20 % de agua, y en 
este caso el valor calorífico es el doble. Se distingue según tipo de 
madera, humedad, densidad, valor calorífico además de tamaño, 
forma y elaboración, se comercializan leña, madera troceada y pellets. 
Para plantas pequeñas de hasta 15 kW de potencia térmica nominal 
puede utilizarse leña sin tratar, además de madera de frondosas y 
coníferas (bosque) y restos de la industria maderera; deben evitarse 
maderas recicladas. En instalaciones de mayores dimensiones pue- 
de emplearse serrín, paja y derivados. 

Debido al mejor control de emisiones, son preferibles las instalacio- 
nes centrales de combustión a las calderas individuales. Las calde- 
ras con alimentador automático presentan mejores valores de emisión 
que las alimentadas manualmente. 

En calefacciones de madera troceada o pellets, el combustible se 
transporta de un local o contenedor adyacente mediante transpor- 
tador de tornillo sin fin o sistema de aspiración a través de un depó- 
sito intermedio al fogón. 

La alimentación continua de combustible garantiza un buen coefi- 
ciente de rendimiento y facilita una óptima regulación de la potencia. 
Los pellets (residuos compactados de la industria maderera con un 
contenido energético muy alto, de 4,3-5 kWh/kg, aprox. 1/3 del 
gasóleo de calefacción) se suministran en camiones cisterna y se 
bombean al depósito. La tecnología necesaria, al igual que la super- 
ficie de almacenaje, es equiparable a la del gasóleo de calefacción. 
También el tamaño de una caldera es similar a la de una caldera a 
fuel o gas. Sin embargo, los estándares de seguridad son menores 
que para gasóleo. Los contenedores para madera troceada se relle- 
nan desde volquetes. Para prolongar el tiempo de combustión total 
en la caldera en el caso de calefacciones de pellets y de madera 
troceada se recomienda el uso de acumuladores (indispensables en 
el caso de calderas de leña); se debe calcular соп 40 | por kW de 
potencia nominal. 

Las instalaciones térmicas para combustibles sólidos no requieren 
autorización hasta una potencia térmica de 1 MW. 

Otra técnica más es la gasificación de madera (р. еј., proveniente de 
madera troceada) рага el aprovechamiento en plantas de cogeneración, 
para lo que se necesita gasóleo para un motor de preinyección. La 
combinación de una caldera de leña con una instalación termosolar 
es muy aconsejable, pues el agua precalentada por la energía solar 
se calienta en la caldera — Ө. 


Biogás 

Para la agricultura está teniendo una importancia cada vez mayor y 
un gran potencial la generación de biogás a partir del estiércol y de 
recursos renovables. La gasificación de biomasa se realiza en un 
biorreactor que alimenta una planta de cogeneración. El estiércol 
líquido completamente fermentado se reparte como abono sobre el 
campo, los sedimentos resultantes pueden utilizarse como compost. 
La gasificación de biomasa es un proceso permanente y sensible y 
requiere control continuo. También es posible aprovechar el gas de 
un vertedero (fermentación de desechos sólidos) para la producción 
de energía térmica y eléctrica mediante sondas o drenaje de gas para 
el funcionamiento de plantas de cogeneración o para gas de cale- 
facción. 
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Agua 


Agua subterránea Agua freática, de manantial, de pozos, aguas profundas 
y termales 
Calor residual Agua de refrigeración, aguas residuales municipales, 
domésticas y de uso industrial 
Agua de circulación Red de calefacción urbana, red de abastecimiento 
> de agua, agua utilizada en procesos de producción 


Aire exterior, evacuado, extraído industrial, calor de iluminación, de personas y 
de procesos 


Energía solar 


Ф Fuentes de calor para el aprovechamiento por bombas de calor 


Circuito de calefacción 


Bomba Calentador- Acumulador · 
de calor acumulador para agua de 
de ACS calefacción 


Principio de funcionamiento de una 
bomba de calor [02] 


Instalación completa de una bomba 
de calor 


(captador en U/sonda en doble U) 


>5-6m 


Captadores verticales como fuente de calor para bomba de calor 
(en combinación con elementos constructivos radiantes) [04] 


{= 1,2-1,5 т aprox. 10-35 мт. Ч= 0,5-1 т 
Extracción de calor 


(5) Colectores geotérmicos como fuente de calor para bomba de calor [04] 


Agua freática como fuente de calor para bomba de calor (en combinación 
con suelo radiante) [04]... 
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ENERGÍAS RENOVABLES 
ENERGÍA GEOTÉRMICA, BOMBAS DE CALOR 


Energía geotérmica superficial 

Aprovechamiento de la energía geotérmica hasta una profundidad de 
unos 400 m. El aumento de temperatura es de aprox. 3 K/100 m de pro- 
fundidad, a una profundidad de 10-20 m puede contarse con tempera- 
turas de 7-11 *C. Las condiciones climáticas y las temperaturas del 
entomo influyen en el flujo térmico en la zona próxima a la superficie, 
Pueden aprovecharse las temperaturas relativamente constantes para 
calefacción y refrigeración. Hay varios métodos extendidos de produc- 
ción de energía: 

Colectores geotérmicos 

Tubos metálicos o plásticos colocados en horizontal en el terreno. La 
separación entre los tubos y la profundidad de instalación depende de 
las características del suelo. La extracción de calor se sitúa entre 10 y 
40 W/m?. No debe construirse por encima de colectores geotérmicos ni 
sellar previamente el suelo. 

Sondas verticales geotérmicas 

Se caracterizan por una menor demanda de superficie y mejores rendi- 
mientos térmicos comparados con los colectores geotérmicos. Se ins- 
talan en circuitos cerrados en sistemas directos y, con menos frecuen- 
cia, indirectos. En los sistemas indirectos se conecta, p. ej., un circuito 
de líquido refrigerante a través de un intercambiador térmico con la 
bomba de calor. Existen dos formas constructivas diferentes: sonda de 
tubo en U o doble U, sonda coaxial; para una buena transmisión del 
calor se rellena la perforación con bentonita. Los valores de extracción 
de calor se sitúan entre 20 y 70 W/m?, 

Pozo de aguas freáticas como fuente de calor 

Es posible un enfriamiento directo del acuífero mediante intercambiado- 
res térmicos compuestos por hervidores de inmersión que se introdu- 
cen a través de perforaciones en el acuífero y se conectan a través de 
un circuito de líquido refrigerante con la bomba de calor. Más extendida 
es la extracción e inyección del agua freática mediante pozos de capta- 
ción e inyección. Dichas instalaciones (como las sondas geotérmicas) 
siempre requieren licencia; los trabajos necesarios para la construcción 
de pozos solo los pueden llevar a cabo empresas autorizadas. 

El aprovechamiento de las ganancias de energía puede efectuarse de 
modo directo, utilizándolas para elementos constructivos radiantes o a 
través de bombas de calor. En cada proyecto debe analizarse іа aptitud 
del aire y del agua de escorrentía como fuente de calor, pues la evolu- 
ción de temperaturas según las estaciones del año es contraria a la 
demanda térmica. 

Bomba de calor (BC) 

Se aprovecha el calor ambiental/terrestre a través de un proceso termo- 
dinámico mediante la aportación de energía mecánica. 3/4 partes de la 
energía que se necesita para la calefacción se gana del entorno; el 
resto debe suministrarse como energía eléctrica para el motor del com- 
presor. De especial importancia son instalaciones de bombas de calor 
combinadas con conceptos integrales de suministro de energía, ya que 
pueden utilizarse para calefacción y refrigeración. 

Una bomba de calor está compuesta fundamentalmente por un vapori- 
zador, un compresor, un condensador y una válvula, elementos que 
están conectados mediante tubos en un sistema cerrado por el cual 
circula el fluido refrigerante. Este extrae calor del entorno mediante 
evaporización. El fluido ahora gaseoso, se comprime en el compresor 
eléctrico (aumento de presión y temperatura). Un segundo intercambia- 
dor térmico transmite el calor al sistema de calefacción y durante el 
proceso se vuelve a condensar el fluido. La válvula se ocupa de la dis- 
tensión del fluido hasta llegar a la presión inicial. 

Este sistema es apto para calefacciones de baja temperatura (óptima en 
bajas temperaturas de alimentación, p. ej., suelos radiantes) y prepara- 
ción del agua caliente sanitaria centralizada. El calor producido por el 
condensador de la bomba de calor debe evacuarse, por lo que es ne- 
cesario montar un acumutador (no en el caso de suelos radiantes). La 
bomba de calor funciona de manera independiente del tiempo del día y 
del año y se considera como uno de los sistemas de calefacción menos 
dañinos para el medio ambiente. Se fomenta en parte el uso de la ener- 
gía necesaria para el funcionamiento de la bomba de calor con tarifas 
de energía bajas, se requiere un contador independiente. 


Intercambiador térmico de gases de escape 


Máquina 
motriz 


Corriente 
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(1) Principio de funcionamiento de la cogeneración [02] 


PROTECCIÓN ACÚSTICA 
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(2) Planta de cogeneración y medidas constructivas [04] 


Corriente eléctrica 


Combustible 
(р. ej., gas 
natural) 


Aira 


Agua 


Cátodo Membrana Ánodo 


Calor 


© Principio de construcción de una celda de combustión [04] 


Electrolito | Combustible 


Denominación Campo de 


aplicación 
CC alcalina Potasa Hidrógeno | Oxigeno | Astronáutica 
cáustica 
CC de membrana Oxígeno! | Transporte, 
de intercambio й vehículos 
de protones pequeños 


CC de ácido PAFC | 200 °С Ácido Gas natural Aire Centrales 
fosfórico fosfórico eléctricas de 
cogeneración 
CC de carbonato | MCFC | 650°С | Carbonato | Gas natural, Aire Centrales 
fundido potásico y | carbón y eléctricas, CE 
de litio biogás de 
cogeneración 


Óxido de 
circonio 


СС de óxido 
cerámico 


SOFC | 1.000 °С 


carbón y 


cogeneración 


о Cuadro sinóptico de los tipos de células de combustión 


ENERGÍAS RENOVABLES 


COGENERACIÓN, PLANTA DE COGENERACIÓN, 
CELDAS DE COMBUSTIBLE 


La cogeneración (CG) es la producción combinada de calor aprovecha- 
ble y energía mecánica que, mediante un generador, se transforma en 
energía eléctrica. La idea fundamental es la producción de energía eléc- 
trica aprovechando el calor residual que necesariamente se genera. En 
instalaciones de menor tamaño (para uno o más edificios) se utilizan 
motores de combustión interna o turbinas de gas en lugar del circuito de 
agua y vapor habitual en centrales de electricidad. 

Bajo la denominación planta de cogeneración se entiende una pequeña 
central eléctrica en la que, debido a la combinación de energía mecánica 
y térmica, se producen a la vez electricidad y calor aprovechable. 

El dimensionado de la planta de cogeneración tiene una influencia deci- 
siva sobre su rentabilidad. La energía generada según el principio de 
cogeneración es 1/3 en energía eléctrica y 2/3 en calor. La demanda 
energética desigual a lo largo del día y del año condiciona el dimensio- 
nado de la planta según la demanda de electricidad o de calor. En plan- 
tas de cogeneración planificadas según la demanda térmica se compen- 
sa la electricidad sobrante o no gastada a través de la red pública, en 
plantas proyectadas según la demanda de electricidad se almacena el 
calor sobrante en acumuladores. 

Las plantas de cogeneración se proyectan en la mayor parte de los casos 
según la demanda de calor; es decir, según la carga térmica. Es condición 
que se conozca la evolución de la demanda térmica y eléctrica del obje- 
to; en edificios residenciales y similares de obra nueva puede determi- 
пагѕе con relativa precisión la demanda mediante curvas características. 
En la mayor parte de los casos la planta de cogeneración produce la 
demanda básica de calor y la corriente eléctrica sobrante se inyecta en 
la red; se requiere un contador independiente. La demanda térmica en 
horas punta se garantiza mediante un calentador adicional. Las plantas 
de cogeneración se comercializan en diferentes tamaños. Los módulos 
más pequeños para viviendas unifamiliares a partir de unos 2 kW de 
potencia eléctrica y accionados con motores de gasolina o Stirling (de- 
nominadas plantas de microcogeneración). Las plantas de cogeneración 
pequeñas de hasta 30 kW pueden utilizarse en casas multifamiliares de 
hasta seis habitantes; las plantas compactas cubren la gama de potencia 
de hasta 400 kW y las plantas grandes producen aún más. La superficie 
necesaria para una planta de cogeneración pequeña de 5,5 kW de po- 
tencia eléctrica es de 4 m?, de 15 kW de 6,5 m, a lo que hay que sumar 
el espacio necesario para las calderas. 

Para su colocación debe cuidarse que se prevean suficientes huecos de 
ventilación y extracción y que el conducto de gases de escape se lleve a 
Una altura por encima de la cubierta. La planta tiene que ir encapsulada 
o ubicarse de tal modo que se garantice una suficiente protección acús- 
tica de las estancias. 

En las células (o pilas) de combustión (CC) se producen electricidad y 
calor de agua y oxígeno en un proceso electroquímico de electrolisis 
invertida. Consisten en electrodos (ánodo y cátodo) y un electrolito que 
separa los electrodos y los reactantes agregados. Las CC producen 
corriente continua, que se transforma en un inversor en corriente alterna 
aprovechamiento del calor residual mediante un circuito de refrigeración 
para la calefacción del edificio. El hidrógeno se produce a partir del gas 
natural o metano/metanol en un reformador. Al igual que las plantas de 
cogeneración, las CC producen electricidad y calor a la vez, pero sin 
partes mecánicas ni ruidos. Como en la planta de cogeneración, los 
criterios para la selección del tipo de CC son la carga térmica y la poten- 
cia eléctrica requerida. También en este caso es razonable dimensionar 
una carga parcial con el abastecimiento en las puntas mediante otra 
instalación térmica. En los meses más cálidos, el calor residual puede 
utilizarse para el accionamiento de una máquina de refrigeración por 
absorción. Las CC se distinguen por su temperatura de funcionamiento 
(de baja/alta temperatura) y por los electrolitos empleados. Las CC de 
baja temperatura están disponibles para proyectos menores de edificación, 
como casas plurifamiliares o pequeño comercio; las de alta temperatura 
solo son razonables a mayor escala, ya que producen electricidad y calor 
en grandes cantidades y se han de reducir las altas temperaturas para 
múltiples usos en una cascada energética. La CC son aptas para remo- 
delaciones y edificios de nueva planta. 
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FÍSICA DE LA 
NSTRUCCIÓN 


Aislamiento 
térmico 
Aislamiento 
acústico 
Acústica de 
locales 
Pararrayos 


EnEV 2007 

N EN ISO 6946 
DIN EN 12524 
DIN 4108 


pnstrucción 


Aislamiento térmico Muro de obra 
de fábrica 


Temperatura (°С) 


5 Distribución de temperatura 
11) Distribución de temperatura (2) an ün:slemento:davanas 
en un elemento de una capa capas 


Muro exterior con sistema de 
aislamiento térmico exterior 
U necesario 0,35 W/mK 


R necesario 1,2 m?K/W 
según DIN 4108-2 


Transmitancia térmica 


0,29 W/m?K 


U existente = 


Capa de Densidad Densidad 
_ Шоу тш күлк 
EENM ción EN тз е HIRE г? 


ш == = 

(3 Jaistamiento [ao foiz Jase Joo Js | 

OA E joze ме foso юле | 
si сагеа ` > 

[5 [Enlucido interior| 1.400 [оп [4 loz loorw | 

1 AO 

z RT = 3,427 


Cálculo de la transmitancia térmica (valor U) según DIN EN ISO 6946 para 
un muro exterior con sistema de aislamiento exterior SATE 


Cubierta inclinada 


U necesario 0,30 W/mK 
R necesario 1,75 m?K/W = 
según DIN 4108-2 


9 
Sor 


Proporción de aislante fa 85% 
Proporción de pares fb 15% 


Transmitancia térmica promedio 


U existente = 0,29 W/m?2K 


Capa material | Dens.apar. Dens. sup. 

| [secreción arme [Grosor ms 
[a ol lo a] 
© ше л о 
[2|оав_ | || 


Lámina de 
cubrición previa 


[а [Aislamiento [so foie | 
Е je 


Barrera 
de vapor 


de aire estanca 


Y lama" feo 00125 
= сна límite superior == = 1/(fa/RT, aislante + fb/RT, par) = 3,445 
Valor límite inferior А”Т = R,¿+R1+R2+R3+R4+R5+R6+R7+Ry¿= 3,341 
RT = (R'T + R”T)/2 = 3,393 


Cálculo de fa transmitancia térmica (valor U) según DIN EN ISO 6946 
para una construcción de cubierta inclinada 


A W/mK 


480 


FÍSICA DE LA CONSTRUCCIÓN 
AISLAMIENTO TÉRMICO 


Para la limitación suficiente de pérdidas térmicas y para la protección 
contra daños causados por condensaciones son necesarias medi- 
das de aislamiento térmico en los edificios y su comprobación. 
Las exigencias al respecto están comprendidas en varias normas 
y ordenanzas: 

La Ordenanza para el ahorro de energía (EnEV 2007) contiene 
valores límite para la demanda de energía primaria y la demanda 


` térmica por transmisión para edificios residenciales y no residen. 


ciales —> pág. 483. La determinación de las transmitancias térmicas 
(valores U), de los parámetros de dimensionado energético (resis- 
tencia térmica, conductividad térmica) al igual que conceptos bá- 
sicos esenciales, se describen en lo siguiente: 


Cantidad de calor: se expresa en Wh [= 1,16 kcal]; temperatura: 
*C; diferencia de temperatura: K (Kelvin; unidad antigua grd); 1,16 Wh 
[= 1 kcal] eleva la temperatura de 1.000 9 de agua en 1 К. 


Transferencia de calor: se produce por convección (transmisión 
de calor), conducción, radiación y difusión de vapor de agua; pue- 
de ralentizarse, pero no evitarse, mediante el aislamiento térmico. 
Conductividad térmica ^, se expresa en W/mK [kcal/mhK], es una 
propiedad específica de cada material; cuanto menor es el valor, 
menor la conductividad térmica. Los valores de cálculo indicados 
en la norma DIN 4108 contienen, en comparación con los valores 
nominales, suplementos para la aplicación práctica (temperatura, 
humedad, envejecimiento). 


Resistencia térmica В: en m?K/W [m2hK/kcal] es una magnitud 
relativa al grosor de la сара: R = d/l (а = grosor en т). El cálculo 
de la resistencia térmica es importante para la determinación del 
valor de transmitancia térmica U según DIN EN ISO 6946 — Ө - Ө. 


Resistencia térmica superficial: es el valor de aislamiento térmico 
de la superficie en contacto con el aire. Se distinguen las resisten- 
cias térmicas superficiales de la superficie exterior del elemento 
constructivo (Re) у de la superficie interior (Ra). 


Resistencia térmica total 1/0: se expresa en m?2K/W [m?hK/kcal), 
es la suma de resistencias de un elemento constructivo contra la 
transmisión térmica (resistencias térmicas y resistencias térmicas 
superficiales): 1/U = Ry + R + Rua 


Transmitancia térmica U: se expresa en W/mK [kcal/m?hK] y es 
el valor inverso de la resistencia térmica total 1/U y la magnitud más 
importante para el cálculo del aislamiento térmico. La norma DIN 
4108 y la Ordenanza para el ahorro de energía (EnEV 2009) pres- 
criben valores máximos para diferentes casos. 

Para el cálculo de los valores U según DIN EN ISO 6946 se requie- 
ren valores energéticos característicos (valores de diseño) para los 
materiales y productos de construcción (Conductividad térmica A, 
resistencia térmica R), que están descritos, p. ej., en las normas 
DIN V 4108-4 o DIN EN 12524. 

=> Ө - Ө muestra el cálculo del coeficiente de transmitancia tér- 
mica U en el ejemplo de un muro exterior con sistema de aisla- 
miento exterior SATE, al igual que en una cubierta inclinada. 
(Este elemento constructivo está compuesto de una proporción de 
vigas [15 %] y un espacio de entrevigado con aislamiento [85 %)). 
La resistencia térmica R se calcula en este caso del promedio entre 
el límite superior de la resistencia térmica total R'T y el límite inferior 
R”T. Para el cálculo de ВТ se suman las proporciones de vigas у 
de aislamiento con relación a su superficie. Para el cálculo de R”T 
se suman las resistencias térmicas y térmicas superficiales). 
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y su humedad relativa 
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Temperatura de rocío del aire en relación con la temperatura del aire 


Temp. Humedad relativa 
exterior 

(°С) 50 60 70 
-12 33,5% 25% 178% 
-15 308% 23% 16,2 % 
- 18 284% 21% 15% 


Máximo porcentaje de la capa 
adyacente de aire hasta la barrera 
de vapor (X) 


La presión parcial de vapor se 
mantiene por debajo del vapor 
límite, no hay condensación 


El factor de posición = pendiente 
de la curva, disminuye hacia el 
exterior. ¡Correcto! 


Barrera de vapor en la cara fría: 
condensación en el interior del 
elemento 


Porcentaje aislante excesivo de la 
capa de aire adyacente a la cara 
interior del elemento respecto al 
аізіатіепіо total. X = % máx. aislante 
de la capa de aire adyacente 
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Orden erróneo de las capas: el factor 
de posición = pendiente de la curva, 
crece hacia fuera: ¡condensación en 
el interior del elemento! 


en la cara caliente evita la 

condensación. X = máximo 

aislamiento térmico en la cara 
— interior de la barrera de vapor 


FÍSICA DE LA CONSTRUCCIÓN 
AISLAMIENTO TÉRMICO 


Difusión del vapor de agua 

El aire interior o el aire en general contienen agua en forma de vapor. 
La cantidad de agua del aire con relación a la temperatura se expresa 
mediante la humedad relativa del aire. En este caso hay que tener 
en cuenta que el aire caliente admite más vapor de agua que el aire 
frío, por lo que puede oscilar notablemente la humedad relativa 
según el cambio de las condiciones de temperatura, aunque la 
humedad absoluta se mantenga inalterada. 

La circunstancia relevante para la formación de rocío (condensación) 
consiste en que la humedad relativa del aire aumenta con tempe- 
raturas decrecientes. En caso extremo, cuando la cantidad de aire 
ya no es capaz de mantener el contenido de agua en estado ga- 
seoso, esta se condensa en estado líquido (“rocío”). 


La presión atmosférica es de 1 bar o 1.000 mbar (pascal en el SI); en una mezcla de aire 
y vapor de agua, parte de esta presión la origina el vapor de agua y se denomina presión 
parcial de vapor. Por consiguiente, esta magnitud sirve para indicar el contenido en 
vapor de agua del aire ( — Ө), ya que de esta manera pueden representarse con mayor 
claridad los fenómenos de difusión (0,6 mbar =^ 1 g de agua/kg de aire). Por tanto, las 
diferencias en la presión parcial de vapor expresan un contenido diferente en moléculas 
de vapor de agua para una misma presión global del aire. (A la inversa: diferencia abso- 
luta de la presión global en sentido de un generador de vapor, p. ej., en las burbujas del 
revestimiento de la cubierta. 

También las diferencias en la presión parcial de vapor tienden a equilibrarse mediante 
difusión, atravesando las diferentes capas que forman los elementos de la construcción. 
Cada una de las capas opone una resistencia a la difusión н, e (cm, m), que indica el 
grosor de la capa de aire que tendría una resistencia a la difusión equivalente; se calcu- 
la como producto del grosor de la capa correspondiente, e, y el coeficiente de resisten- 
cia a la difusión y. Durante el proceso de difusión, se produce una caída en la presión 
parcial del vapor en el interior de los elementos de la construcción. De manera análoga 
a lo que ocurre con la distribución de temperaturas en el interior de un elemento deter- 
minado, este gradiente de presiones se distribuya, entre cada una de las capas, propor- 
cionaimente a su coeficiente de resistencia a la difusión. Las capas de aire adyacentes 
a las superficies del elemento pueden despreciarse debido a su grosor insignificante 
(0,5 cm en el exterior, 2 cm en el interior). Ejemplo en el interior: 20 “С/50 % =^11,7 mbar 
en el exterior: 15 *C/80 % =^ 1,3 mbar; diferencia 119-14 = 10,4 mbar; pared de 24 cm 
(ladrillo perforado); н. e: 4,5 - 24 = 108 cm 94,7 % - 105 = 9,8 mbar; enyesado interior 
1,5 cm; u - е: 6: 1,0 = 6ст 5,3 % · 105 = 0,6 mbar 


(10) Cálculo de la presión parcial de vapor 


Ejemplos de difusión 

Para evitar desperfectos en una construcción, hay que evitar que el 
vapor de agua se condense en el interior de los materiales. La 
condensación se produce allí donde el contenido real en vapor de 
agua del aire supere el valor de saturación. En los ejemplos — @ - O 
se representan las distintas capas de un elemento, incluidas las capas 
adyacentes de aire, en proporción a su capacidad de aislamiento 
térmico; la línea curva representa la presión parcial de vapor máxima 
en función de la temperatura del aire en cada punto. 

Para evitar los posibles daños es importante: 

Suficiente aislamiento térmico 

En el ejemplo > Ө se representa un elemento, formado por una 
sola capa, en el que no hay riesgo de condensación; pero, en el 
ejemplo — Ө hay peligro de condensación еп la cara interior del 
elemento, porque el porcentaje de la capa de aire adyacente es 
demasiado grande. La capa de aire adyacente no puede superar un 
determinado porcentaje X respecto a la resistencia total a la trans- 
misión de calor 1/k > Ө. 

Disposición correcta de las diferentes capas 

La pendiente de la curva de difusión ha de ser lo más pronunciada 
posible en el interior del elemento y, lo más plana posible en el ex- 
terior > Ө; en caso contrario aparecen condensaciones -> @. Esta 
pendiente depende del factor de posición y - A; en el interior: eleva- 
da resistencia a la difusión, buena conductividad térmica = factor de 
posición y - A elevado; en el exterior: baja resistencia a la difusión, 
escasa conductividad térmica = factor de posición y - A reducido. 
Barrera de vapor en la posición adecuada 

Si la barrera de vapor se coloca en la cara exterior, toda la caída de 
presión de vapor se concentra allí: como resultado, aparecen con- 
densaciones — Ө. Para evitarlo se ha de colocar la barrera de vapor 
en el interior, teniendo en cuenta que las capas situadas dentro de 
la barrera de vapor no deben superar un determinado porcentaje 
respecto a la resistencia total a la transmisión de calor 1/k — Ө. 
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Obra de fábrica Revoco exterior 
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Enlucido 
interior 
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recocido 
сііпкег 


Ф Muro macizo de una hoja 


Revoco 
exterior Capa difusora 
reforzado de vapor 
con mallas 
Panel 
soporte Aislamiento 
revoco térmico 
Barrera de vapor 
Capa de nivelación 
3 Forjado de hormigón 
armado 


Placa de yeso 
laminar 


Fachada caliente, construcción 
prefabricada 


O 


Revestimiento en 
forma de paneles 


Cámara 
de aire 


Aislamiento 


Muro de 
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Enlucido 
interior 


Muro macizo con hoja 
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exterior 
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interior 


exterior 


En la superficie interna de una 
esquina exterior aparecen 


EnEV 2007 condensaciones 


DIN EN 832 
DIN 4108 
DIN EN 12524 


DIN У 18599 Muro exterior de hormigón 


écnicas de la 


construcción 


interior 


Si la superficie exterior de los puentes 
térmicos es grande, aparecen 
condensaciones (elevada pérdida 

de calor por unidad de superficie) 


— 
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Eniucido 
interior 


Obra de fábrica 


2 


Muro de doble hoja соп 
aistamiento interno 


Impermeabilización 


Grava 


Enlucido interior 


Cubierta plana caliente 
-» pág. 104 


Cubrición, listonado 
Lámina de cubrición previa, 
permeable a ta difusión de vapor 


Aislamiento térmico 


Lámina barrera de viento/ - 
barrera de vapor 
Rastrelado, placa de yeso laminar 


Cubierta inclinada en forma de 
construcción ventilada (cubierta fría) 


exterior interior 
interior 


En las esquinas interiores no 
se producen condensaciones 


Muro interior de hormigón 


Si la superficie interior de los 
puentes térmicos es grande, 

la pérdida de calor por unidad 
de superficie es bastante menor 


FÍSICA DE LA CONSTRUCCIÓN 
AISLAMIENTO TÉRMICO 


Construcción sin barrera de vapor -> © - Ө 

Los sistemas tradicionales de construcción no incluyen ninguna capa que 
actúe como barrera contra el vapor. Las capas se han de disponer de 
manera que no aparezcan condensaciones — pág. 481. En espacios con 
mucha humedad (р. ej., piscinas cubiertas) se debe comprobar matemá- 
ticamente la distribución de la presión de vapor. Los sistemas de capas 
múltiples se ejecutan con dos hojas con aislante intermedio o exterior. 
El paramento exterior aislante corre el riesgo de fisuración debido a la 
acumulación de calor y una base de soporte poco resistente al esfuerzo 
cortante, por lo que en estos casos se utiliza revoco mineral (tal vez mo- 
dificado con materiales sintéticos), reforzado con malla de fibra sintética, 
Construcción con barrera de vapor > Ө - Ө 

“Cubierta caliente” o “fachada caliente” con capa exterior estanca al 
vapor (p. ej., impermeabilización), de ahí que sea necesaria una barrera 
por el interior. Para evitar la condensación en la cara interior de los ele- 
mentos constructivos las capas no deben exceder una proporción defi- 
nida de la resistencia térmica total hasta la barrera de vapor — pág. 481. 
Las fachadas calientes requieren una ejecución minuciosa y, por ello, se 
han impuesto los sistemas prefabricados (paneles sándwich). En el caso 
de la cubierta caliente se coloca una capa difusora de vapor por debajo de 
la impermeabilización, y bajo la barrera de vapor solo hay una capa 
de nivelación para atenuar tensiones. 

Sistemas de construcción con cámara ventilada detrás de la 
piel exterior > Ө - Ө 

La ventilación de la cámara anula el efecto de estanquidad de las capas 
exteriores relativamente impermeables al vapor. El grosor de la cámara 
de aire es de 20 тт como mínimo en hojas exteriores compuestas por 
paneles (en hojas de obra de fábrica mín. 40 mm, DIN 1053). 

El funcionamiento de la ventilación de ta cámara de aire depende de la 
diferencia de altura entre la entrada y la salida de aire (pendiente mínima 
entre ambas: 10 %). 

Si la pendiente es menor, la barrera de vapor es necesaria (colocación: 
— sistemas constructivos con barrera de vapor), ya que en caso contra- 
rio hay una transmisión excesiva de vapor y aparecen condensaciones 
en la capa exterior. Las capas interiores se han de disponer como si se 
tratara de un sistema constructivo sin barrera de vapor, con factor de 
posición decreciente. No obstante, la capa interior siempre ha de ser 
estanca al aire. 

Puentes térmicos 

Los puentes térmicos son aquellos elementos de la construcción que 
—en comparación con los elementos contiguos— ofrecen un aislamien- 
to térmico menor, por lo que el porcentaje de la capa adyacente de aire 
en la resistencia a la transmisión térmica es mayor, de manera que la 
temperatura superficial en la cara interior de los puentes térmicos dismi- 
nuye y pueden aparecer condensaciones. 

La elevación de los costes de calefacción es insignificante, siempre y 
cuando el puente térmico sea relativamente pequeño; para evitar las 
condensaciones en la superficie de los diferentes elementos de una 
construcción, y sus consecuencias desagradables (formación de moho, 
etc.), se ha de elevar la temperatura de la cara interior de los puentes 
térmicos (p. ej., mediante la reducción de la fuga de calor a través de los 
puentes térmicos, colocando una capa aistante frente al “frío del exterior”. 
Elevación de la aportación de calor en los puentes térmicos aumentando 
la superficie interior de los mismos y la conductividad térmica de los 
elementos contiguos facilitando la llegada de aire caliente.) 

Con ello se reduce, de hecho, la resistencia a la transmisión térmica Ra 
respecto al puente térmico, y con ello también se disminuye el porcenta- 
je de la capa adyacente de aire a la resistencia total a la transmisión de 
calor 1/U —> pág. 480. 

En > Ө - 0 se muestran ejemplos típicos. Sin embargo, la esquina 
convencional de un edificio > @ también constituye un puente 
térmico, ya que allí, a una menor superficie interior caldeada le co- 
rresponde una mayor superficie exterior que desprende calor. A esto 
se le añade que el aislamiento de la capa de aire adyacente es con- 
siderablemente mayor en las esquinas que en los paramentos rectos. 


La Ordenanza alemana para el ahorro de energía calorífica ` 
La ordenanza alemana EnEV 2007 sustituye a la antes vigente or- 
denanza 2002/2004 (EnEV 2002/2004), sin por ello cambiar los 
valores límite para edificios residenciales. Sin embargo, ahora se 
exige un nuevo método de verificación según DIN 18599 para 
edificios no residenciales. 

Además del aislamiento térmico, se requiere que ese método de 
verificación esté acompañado de otras medidas (p. ej., instalaciones 
térmicas con tecnología de condensación). 

Por tanto, en la nueva ordenanza se establece una visión total de 
la energía necesaria para calefacción, agua caliente sanitaria, 
ventilación, aire acondicionado e iluminación (solo para edificios 
no residenciales). 


No solo se tiene en cuenta la energía que llega a los recintos 
para calefactarlos como variable controlada, sino también la 
demanda de energía primaria calculada para parámetros nor- 
malizados destinada a los productores de energía térmica y 
agua caliente sanitaria, etc. 


Principios de la ordenanza alemana para el ahorro de energía 
en el ejemplo “edificación residencial” (nueva planta): 

Los edificios de viviendas con calefacción normal deben evaluarse 
para la limitación suficiente de la demanda anual de energía prima- 
ría, al igual que de la demanda de energía por transmisión. 
Dependiendo de la relación entre la envolvente térmica A y el 
volumen del edificio calefactado Ve (proporción A/Ve) se calcu- 
la la máxima demanda anual de energía primaria permitida según 
la ordenanza. 

Para ello, resulta básico el procedimiento de balance en régimen 
mensual según DIN EN 832 con los parámetros secundarios de la 
norma DIN 4108 (parte 6, edición junio 2003, anexo D). 

Según cada proyecto, para el dimensionado térmico de las cajas 
de escaleras se puede partir de una temperatura de 15 *C. El 
acondicionamiento térmico se ha de garantizar en caso necesario 
mediante un radiador en la planta inferior de la caja de escalera. 


Valores de diseño de materiales y materiales de construcción 
Para el cálculo de los valores U, en la verificación de la conformidad 
de protección térmica se necesitan los parámetros energéticos 
característicos de los diferentes materiales de construcción. 
Estos son los denominados valores de diseño de conductividad 
y resistencia térmicas para materiales y construcciones, al igual que 
los valores de diseño para las transmitancias térmicas de acrista- 
lamientos, ventanas y puertas acristaladas, incluida la carpintería. 
Los valores de diseño se pueden tomar, p. ej., de las tablas de la 
norma DIN EN 12524. й 
Sin embargo, en esta norma по están comprendidos algunos ele- 
mentos de construcción, como, p. ej., aislamientos o piezas para 
obra de fábrica; para estos debe deducirse el valor de diseño del 
denominado valor nominal según DIN V 4108-4 o de los certifi- 
cados de homologación/documentos de idoneidad técnica u 
otras normas. 
En la conversión del valor nominal de un producto o material de 
construcción se multiplica el valor nominal por factores de conver- 
sión para temperatura, humedad y envejecimiento. Además, a los 
valores nominales de conductividad térmica de aislantes hay que 
aplicarles un coeficiente de seguridad y = 1,2 determinado por el 
comité técnico de normalización competente. Deberá tener vigor 
para todos los materiales de aislamiento térmico según las normas 
europeas armonizadas provistos del marcaje CE. La norma DIN V 
- 4108-4 resuelve la conversión al valor de diseño para todos los 
productos de construcción habituales de forma tabulada. 


FÍSICA DE LA CONSTRUCCIÓN 
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En este sentido, deben aplicarse las normas DIN V 4108-4 y DIN 
EN 12524 para determinar los parámetros energéticos caracterís- 
ticos para el cálculo del aislamiento térmico, según la nueva orde- 
nanza alemana. 


instalación térmica y preparación de agua caliente sanitaria 
Las instalaciones de calefacción y de agua caliente sanitaria se 
deben ejecutar según las exigencias de la EnEV 2007. 


Protección solar 

Según la ordenanza alemana, debe verificarse el aislamiento térmi- 
co en régimen de verano, independientemente del porcentaje de 
ventanas del edificio según DIN 4102, parte 2. Por tanto, el aisla- 
miento térmico en régimen de verano depende de la zona climá- 
tica y del coeficiente de ganancia térmica solar S de los elemen- 
tos transparentes del cerramiento exterior. 

La verificación de aislamiento térmico en régimen de verano depende 
entre otros factores de las siguientes magnitudes de influencia: 
Factor solar del vidrio, inclinación y orientación de la ventana, frac- 
ción del hueco ocupada por el marco, el factor de sombra para la 
eficiencia del dispositivo de sombra, proporción de la superficie de 
huecos en la fachada (por recinto), zona climática (emplazamiento 
del edificio), construcción ligera о maciza (capacidad de acumula- 
ción térmica eficiente). Estas influencias se subsuman en un coefi- 
ciente de ganancia térmica solar máximo admisible Smá, que no 
debe ser excedido por el coeficiente de ganancia térmica solar por 
recintos S. | 


Estanquidad al viento y al aire 

Según la ordenanza alemana, deben construirse edificios de nueva 
planta de modo que la envolvente térmica, incluidas las juntas, se 
selle acorde al estado actual de la técnica de modo permanente- 
mente estanco. 

En el cálculo según la ordenanza alemana se admite para instala- 
ciones de ventilación mecánica el cómputo de. la recuperación 
de calor o de un coeficiente de renovación del aire reducido por 
dispositivos de control, si se comprueba la estanquidad del edificio 
según la misma. Además, las instalaciones de ventilación deben 
estar equipadas con dispositivos que permitan al usuario la regu- 
lación de los caudales de ventilación de cada unidad de uso. Tam- 
bién debe garantizarse que el calor recuperado del aire extraído se 
utilice primordialmente antes que la energía térmica producida por 
el sistema de calefacción. También cabe tener en cuenta un ensa- 
yo de estanquidad al aire en el cálculo de la demanda energética 
primaria anual en la verificación del aislamiento térmico. 


Puentes térmicos 

Para un buen aislamiento térmico no solo se necesitan elementos 
constructivos altamente aislados, sino también buenas uniones 
entre ellos. En el ámbito de estas uniones se corre el riesgo de 
tener pérdidas térmicas adicionales y bajas temperaturas en la 
superficie interior del elemento constructivo durante la temporada 
de calefacción. Las consecuencias serían el consumo adicional de 
energía térmica y la posibilidad de que se formen rocío y mohos. 
En este caso hay que tener en cuenta que este efecto de puente 
térmico puede tener consecuencias mucho mas serias en compo- 
nentes altamente aislantes que en elementos constructivos con 
poco aislamiento térmico. Deben tenerse en cuenta los puentes 
térmicos en el cálculo de la demanda de energía térmica anual 
elevando los valores de transmitancia térmica (valores U) o median- 
te la comprobación detallada. 
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AISLAMIENTO TÉRMICO 

Cálculo de la demanda de energía primaria anual según la ordenanza alemana EnEV 

Volumen a calentar Va: 535,86 m3 

Superficie útil ` AN = 0,32* Va: 171 m3 

Coeficiente Factor de 

| de transmisión corrección de la | Pérdidas 

Elemento constructivo Especificación Superficie de calor U de calor 
Muro exterior A A ышы AB RA AAA 

Hastial Este/oeste 0 

Ventana Norte 9,41 
| у. [ыз O O O | o | 

Sur 8,5 
Puerta de entrada [Norte | 35 | 


Cubierta inclinada En contacto con el exterior 159,78 


Forjado En bajocubierta aislada 0 
Solera Sobre el terrano f 15495 | 7 
Sumatorio £ А: Ѕитаќогіо > A*U*F 98,316 WK 


Suplemento por Hwa WK 
puentes térmicos 
Pérdidas de calor por 


transmisión Ну. Sumatorio £ A*U*F+Hwa 98,316 W/K 
є Edificio de hasta 3 plantas 0,76 V, 407,253 m? 
d e 
Volumen catre Y Edificio con más de 3 plantas 0,8, (AA m 
Pérdidas de calor por Estanquidad al aire ns > 3 h! 0,7"0,34"V, W/K 
ventilación Hy Estanquidad al aire nso < 3 hr 0,6"0,34"V, 109,314 W/K 
Factor de superficie exterior АМ, 0,922 mi 
Aporte térmico solar a través Elemento constructivo Superficie Grado de traspaso Er Fs Fe Ganancia específica 
de elementos transparentes de energía g AO, 9 FF Fo 
Ventana попе Sa aa ШШЕ 283 
Ventana este/seste os [71 2,11 
[Ventana sur O 0,53 97 [os [1 2,55 
Puerta de entrada [EA al 0,8 07 [09 | 1 ] 1,59 
Aporte térmico solar a través Grado de absorción a |: Factor de forma F, 
de elementos opacos Muro exterior [E рес] 0,5 0,5 
Cubierta, paños inclinados 0,8 1 
Captación de calor al interior_| Referido a la superficie A EN 5 Wim 855 ГЛ 
Capacidad específica de alma-| Construcciones masivas 50 Whi/msK*v, 26.793 Wh 
cenamiento de calor C,,*V, Construcciones ligeras -15 Wh/mK"V, BR a Чч 
Calor requerido anualmente | Absoluto 5.597 kWh/a 
para calefacción Específico O 33,11 kWh/ma 
Coeficiente instalación ер ер d 1,29 
Energía primaria requerida Qp exist. = ep*(Q'h + 12,5 kWh/ma 
| Оер perm. = 50,94 + 75,29"A/V, + 2.600/(100 + АМ 116,52 kWh/ma 
Pérdidas por transmisión de calor específicas HT exist. = HT/A 0,24 W/mK 
de la envolvente H'T perm. = 0,3 + 0,15/ (A/V) ~ WK 
Energía requerida Gas/fuel/electricidad [ЕЕ _ | 518 | kWhma 
Е а НЕЕ as] tana 
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Aistamiento $ 
térmico o Ж 
Aislamiento s 91 o Т 
acústico “| & 
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Pararrayos Si A ERR TR 
ЕпЕУ 2007 | OL} + 
DIN EN 832 Dormitorio |. 
ОІМ 4108 , doble 15,75 ©] = 
DIN ЕМ 12524 3 
DIN V 18599 т 
Ре Е 
9 Ды 
ajs 
aS 
8 HA 
écnicas de la 11,99 i ГД 
e ПТ 
construcción Sección AA Planta baja Б 3 
о о 


Ejemplo de cálculo: comprobación de la demanda de energía 
primaria anual de una vivienda unifamiliar según la ordenanza 
alemana 
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Gas natural. 


2002 2004 2006 2008 


(1) Evolución en promedio de los precios de los suministradores de energía [05] 


este edificio 
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Valor exigido por la ordenanza 
alernana para rehabilitación 
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ordenanza alemana 
de edificios 


para edificios de 
nueva planta 


Tabla gráfica para la evaluación y comparación de la demanda energética anual 
de un edificio con relación a otro edificio convencional similar (ejemplo) 


E N ERG | EAU SWEIS für Wohngebäude 


Berechneter Energiebedarf des Gebäudes 


Energiebedarf 
СО, Emissionen " 
Endenergiebedar! diases Gebäudes 


хата) 


4 2 Primarenergiebadarí dieses Gsbludas 
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Би Sorcutebadariabececiounasa vervandejes Yarfabren 


с Майып nach DIN V 4106-6 und DIN V 4701-10 
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1) mr bei Neubau im Райа dar Anvandung von $ 7 Nr. 2 Emeuarbare-Energien-Warmegasatz. 9 gal өлестебдсп Камер 
9 ЕР Enfacrilienylu cer, МЕН: Mehriemilenhdusar 


Formulario ejemplar de un certificado de eficiencia energética para edificios 
residenciales en Alemania con escala gráfica de calificación y valores 
comparativos (extracto) [06] 
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El certificado de eficiencia energética 

Generalmente, según la ordenanza alemana dentro de ciertos plazos 
y con ciertas limitaciones, debe expedirse un certificado de eficien- 
cia energética para edificios de nueva planta, en el caso de cambios 
constructivos, en cuyo contexto se hacen cálculos energéticos para 
todo el edificio, al igual que normalmente en el caso de venta o 
nuevo arrendamiento de edificios existentes (a excepción de, р. еј., 
los monumentos históricos). 


El certificado de eficiencia energética documenta la demanda 
o et consumo de energía de un edificio y facilita una compara- 
ción sencilla con edificios tipo similares, gracias a una escala 
gráfica de calificación > Ө. 


El procedimiento para el cálculo de los valores característicos ener- 
géticos reflejados en el certificado de eficiencia energética están 
prescritos en la ordenanza alemana —> pág. 483: la demanda-ener- 
gética es la demanda anual de energía primaria y la demanda final 
de energía, el consumo de energía con el coeficiente de consumo 
energético. 


La demanda de energía primaria representa la eficiencia energéti- 
ca total de un edificio. De la energía final también considera la cade- 
na previa-(p. ej., exploración, explotación, distribución, conversión) 
de la fuente de energía utilizada respectivamente. Los valores bajos 
indican una demanda reducida y, por tanto, una eficiencia energéti- 
ca alta y un uso de la energía respetuoso con los recursos y el medio 
ambiente. La demanda de energía final indica la cantidad de energía 
requerida al año, calculada acorde a las reglas técnicas para cale- 
facción, ventilación y agua caliente (en edificios no residenciales 
también para aire acondicionado e iluminación), y es una medida 
para la eficiencia energética de un edificio y sus instalaciones técni- 
cas. Los valores bajos indican una demanda reducida y, por tanto, 
una eficiencia energética alta. 

Estos datos se calculan matemáticamente basándose en documen- 
tos del proyecto y otros documentos relativos al edificio, y suponien- 
do condiciones secundarias estandarizadas (p. ej., datos climáticos, 
comportamiento de uso, temperatura interior). 

De este modo, se pretende documentar la calidad energética del 
edificio con independencia del comportamiento de los usuarios y de 
las condiciones climáticas; sin embargo, los valores calculados no 
permiten conclusiones acerca del consumo real de energía, debido 
a las condiciones secundarias estandarizadas. 


El coeficiente de consumo de energía de un edificio se calcula 
basándose en las facturas de calefacción y agua caliente y en otros 
datos de consumo. Mediante factores climáticos, el consumo de 
energía registrado para calefacción se convierte en un valor prome- 
dio para Alemania. 

El coeficiente de consumo de energía da indicios acerca de la calidad 
energética del edificio y de su instalación de calefacción; sin embar- 
go, pueden aparecer claras diferencias debido al comportamiento 
del usuario en cuanto a calefacción y ventilación. 


La ordenanza alemana contiene en sus anexos patrones para los 
certificados de eficiencia energética de edificios residenciales y no 
residenciales — Ө. 

En edificios públicos de más de 1.000 m?, la etiqueta de eficiencia 
energética debe estar a la vista. Los certificados de eficiencia ener- 
gética se expiden por cualificados especialistas de la edificación para 
un plazo de validez de diez años. 

Si existieran medidas posibles para mejoras razonables de las 
cualidades energéticas del edificio, se adjuntan al certificado de 
eficiencia energética como recomendaciones de modernización. 
El certificado de eficiencia energética proporciona ventajas en 
la comercialización de edificios, ofrece alicientes para la inversión 
y además seguridad adicional en decisiones de alquiler o compra. 
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20 30 4050 70 100 200 300 500 700 1000 20001000 4000 7.000 10.000 Hz 
Frecuenciaf —- 


Relación entre nivel de sonoridad (fonos), presión acústica (ubar), 
nivel de intensidad acústica (dB) y nivel de potencia acústica (WW/cm3) 


Trasdosado 
flexible 
autoportante 
colocado 
delante 
Amortiguación 
de la cámara 


Obra de 
fábrica 


a b 
Representación de las ondas de 
flexión de frecuencia normal en una 
pared: la pared no vibra corno un 
todo (— a), sino por partes (— Б) 


Mejora del aislamiento contra 
ruido aéreo de hasta 7 dB, con 
trasdosado autoportante colocado 
delante con amortiguación 

de la cámara 


Umbrai de audición 

Suave crujir de las hojas 

Límite inferior de los ruidos domésticos más usuales 

Nivel medio de los ruidos domésticos. Conversaciones en voz 
baja. Calle residencial tranquita 

Conversaciones normales. Música de radio a volumen normal 
en una sala cerrada 


Ruido de un aspirador silencioso. Nivel normal de ruido 
en una calle comercial 

Máquina de escribir, timbre de teléfono a 1 m de distancia 
Calle muy transitada. Sala de máquinas de escribir 

Taller ruidoso 

Bocina de coche a 7 m de distancia. Motocicleta 

Taller muy ruidoso (cerrajería) 


о Escala de intensidad acústica (en dB) 


Hz 
10.000 ES К 
ÁS SS 


a SHH 
EIA иш 


[Г 
ШҮН 
NO -= 


Elem. construc.cm 0,5 1 2 4 


(5) Frecuencias límite para planchas de diferentes materiales 
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Ruido 

El sonido se expande en ondas mecánicas y expansivas que causan 
aumentos y reducciones diminutos de presión respecto a la presión 
atmosférica (= 1,0333 kg/cm?), medidos en microbares (mb) (presión 
sonora hablando en voz alta = aprox. una millonésima de atmósfera). 
Las vibraciones sonoras audibles para el oído humano se encuen- 
tran en el ámbito de frecuencias de 20 a 20.000 Hz; 1 Hz (hercio) = 
1 vibr./s (en la edificación, el ámbito de frecuencias a considerar se 
limitó al que se extiende de los 100 a 3.200 Hz, a los que el oído 
humano es especialmente sensible). Las presiones acústicas alcan- 
zan en la audición humana desde el umbral de audición hasta el 
umbral doloroso — Ф. Este umbral auditivo se subdivide en 12 par- 
tes = 12 Bel (B) (de А. G. Bell, inventor del teléfono). Como 1/10 Bel 
= 1 decibelio (dB), es el umbral perceptible por el oído humano como 
diferencia de presión acústica, a una frecuencia de 1.000 Hz, se ha 
adoptado el decibelio como medida física para medir la potencia 
acústica referida a la unidad de superficie — @. Generalmente, el 
nivel de intensidad acústica se mide en dB (A), o, por encima de 
60 dB, en dB (B), una medida que corresponde aprox. al antiguo fono. 


Protección contra el ruido 

Сото protección contra el ruido se consideran todas aquellas me- 
didas que reducen la transmisión acústica desde un foco emisor 
hasta el receptor, aunque no siempre es posible evitarla por comple- 
to. Si la fuente sonora y el receptor están en la misma sala, la reduc- 
ción se produce por absorción acústica; si están en salas diferentes, 
ocurre sobre todo por aislamiento acústico. En el aislamiento acús- 
tico, en función de cómo se realice la transmisión acústica, se distin- 
gue entre aislamiento del sonido transmitido por el aire (ruido aéreo), 
aislamiento del sonido transmitido por cuerpos sólidos (ruido de 
impacto) y ruido de pisadas (ruido de impacto que se genera andan- 
do sobre un forjado o una escalera, o excitándolos de modo similar). 


Para indicar el aislamiento acústico se utiliza generalmente el 
índice global de reducción acústica aparente, R'w; es decir, la 
diferencia del nivel de presión sonora entre el recinto emisor 
(recinto ruidoso) y el recinto receptor (recinto silencioso), tenien- 
do en cuenta las vías indirectas a través de elementos laterales. 
En el caso del ruido de impactos se calcula de modo análogo el 
nivel global de presión de ruido de impactos normalizado. 


La propagación del sonido por el aire se lleva a cabo en forma de 
ondas longitudinales, en sólidos en forma de ondas de flexión > Ө 
(velocidad de propagación en onda longitudinal 340 m/s, en onda de 
flexión diferente según material, grosor de la capa y frecuencia). 

La frecuencia límite es aquella en la que la velocidad de propagación 
de la onda de flexión en un elemento constructivo es igualmente 
de 340 m/s; en esta frecuencia funciona especialmente bien la 
transmisión del sonido del aire al elemento constructivo y, a la in- 
versa, el aislamiento acústico del elemento, por tanto, especialmen- 
te mal, peor de lo que se espera con relación al peso de la pared. 
En elementos constructivos rígidos y pesados, la frecuencia límite 
se sitúa por encima, en flexibles y finos, por debajo del espectro 
de frecuencias — @. 

Por principio, el aislamiento acústico se efectúa mediante masa, 
con elementos constructivos pesados y gruesos, de modo que pri- 
mero se pierde la energía acústica por la transmisión del sonido del 
aire al elemento constructivo y, después, por la excitación de la masa 
del elemento y finalmente por la repetida transmisión al aire. Si se 
excita directamente el elemento constructivo (ruido de impacto), su 
aislamiento acústico es menor por naturaleza. 

Construcciones ligeras de aislamiento acústico en forma de 
trasdosados flexibles (con relleno de atenuación en la cámara para 
evitar las múltiples reflexiones del ruido) aprovechan en cambio la 
múltiple transmisión aire-sólido-aire-sólido-aire => Ө. 


ча 
о 


Nivel de intensidad acústica 
normal del ruido de impacto L, (dB) 


P 
A 


Vía secundaria del ruido 
a través de elementos 
monocapa en los flancos 
adyacentes 


h 
O 


Propagación en diagonal 


hasta 20 dB 
hasta 30 dB 


Puerta con durmiente sin junta especial 

Puerta con durmiente y junta especial 

Puerta doble con durmiente, sin junta especial y de abertura 
por separado 

Puerta doble pesada, con durmiente y junta especial 
Puerta con aislamiento acústico 

Ventana sencilla sin sellado suplementario 

Ventana sencilla bien sellada 

Ventana doble sin sellado suplementario 

Ventana doble bien sellada 

Acristalamiento aislante 4/12-16/4 mm 


hasta 30 dB 
hasta 40 dB 
hasta 50 dB 
hasta 15 dB 
hasta 25 dB 
hasta 25 ав 
hasta 30 d8 
hasta 32 dB 


Aislamiento acústico de puertas y ventanas según DIN 4109 


Hormigón pesado* (2.200 kg/m) [6,25 [25] ] 25 
Ladrillo macizo", bloques de piedra arenisca” (1.800 kg/m) 
Lacio со (1.400 нута 
harian pr eoo куту 
j o кешешн Clinquer (1.900 kg/m) [5,25 prs] [24 
a чь вонот 
esLos 1110101512 2,3 Fibrocemento prensado (2.000 kg/m} 
Yeso (1,000 кт) 


+ 
o 


paredes delgadas 
y rigidas 
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Grado de aislamiento acústico al sonido aéreo ASA dB 


2 3 


45 7 
Peso por unidad de superficie del elemento de construcción correspondiente (kg/m?) 


Aislamiento acústico: peso por unidad de superficie y grosor de los elementos 
de construcción (según Gósele) 
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El sonido que se propaga por el aire estimula al sólido al que llega 
— ©; con ello aumenta la influencia de la frecuencia límite en el 
aislamiento acústico > Ө. 

La norma DIN 4109 fija los valores para el aislamiento contra la 
transmisión aérea para la protección contra la transmisión de ruido 
desde un recinto habitable o de actividad (índice global de reducción 
acústica aparente incluidas las vías secundarias, R'w) > @. 


Las “vías secundarias” tienen más importancia en el aislamiento 
frente a los sonidos aéreos que en la amortiguación de los ruidos de 
impacto (por ello, los ensayos sobre el grado de aislamiento acústi- 
co de una sala deben realizarse considerando las “vías secundarias 
más usuales en la construcción”). Como vías secundarias de trans- 
misión actúan especialmente las capas rígidas con un peso entre 
10 y 160 kg/m?; por esto, los tabiques de división entre viviendas 
deberían pesar al menos 400 kg/m?. 


Las puertas y ventanas, debido a su escasa capacidad de aisla- 
miento acústico — Ө, influyen especialmente, de forma negativa, 
en el aislamiento del sonido aéreo; incluso cuando la proporción 
de huecos respecto a la superficie total es pequeña, el aislamiento 
acústico total suele estar por debajo de la media aritmética del 
aislamiento acústico de paredes y huecos; por ello es preferible 
mejorar primero el aislamiento acústico de puertas y ventanas. 
Las paredes con aislamiento acústico insuficiente pueden mejo- 
rarse colocando sobre ellas un trasdosado —> pág. 486 Ө. 

Estos son especialmente aislantes si son flexibles y se montan sobre 
aislante blando y flexible (amortiguación del espacio intermedio). 
Las capas flexibles son relativamente insensibles a los pequeños 
puentes acústicos (al contrarió de lo que ocurre con las capas rígidas). 
Para realizar paredes соп trasdosado de aislamiento acústico deben 
emplearse siempre sistemas constructivos homologados. 

Los trasdosados de enlucido sobre materiales aislantes de du- 


reza normal (p. ej., sobre porexpán) reducen considerablemente 
el aislamiento acústico. 


Aislamiento | Aislamiento 
a ruido aéreo | a ruido de 
R’w (dB) impactos 
L'n,w (dB) 


Edificios de altura con recintos de estancia y trabajo 
Paredes de separación de viviendas 


de escalera 


de vivienda 
Escuelas y locales de enseñanza 
ce 0 


Alojamientos, hospitales, sanatorios 


de hospitalización y de pe 


Los valores indicados para el aislamiento acústico de las particiones son válidos para 
el aislamiento resultante de todos los materiales de construcción y vías secundarias 
implicadas en la transmisión del ruido en estado construido. г 

Los valores para puertas son válidos рага la transmisión exclusivamente a través 

de la puerta. 


Elemento constructivo 


Protección de estancias contra la transmisión de ruido desde recintos de estancia 
y trabajo ajenos (exigencias mínimas según DIN 4109, tabla 3, extracto) [07] 
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Р. ej, 
separación Obra de 
mediante fábrica 


ladrillos 


Exterior 


Ж 


interior 


A 


ПИР 


Сте 


SO 
SSA 


Pared de separación formada 
por dos capas, con una junta 
de separación continua 


(2) Planta — @ 


А Desfavorable 


g 
Ц 
А х Е g 
Radiación e 
© 
93 
vo 
Trayectoria directa El Е 
33 
Trayectoria indirecta ФЕ 
25 
28 


Frecuencia (Hz) 


€ Transmisión del ruido de impacto ө Сига teórica del ruido de impacto 


Pavimento Pavimento 
Pavimento flotante Pavimento flotante 
de cemento de cemento 


Aislamiento contra el 
ruido de impacto (rigidez 
dinámica $’ < 20 MN/m3) 


Capa de nivelación o 
aislamiento térmico 
- según la ordenanza 
= 


Aislamiento contra el 
ruido de impacto (rigidez 
- dinámica s’ < 20 MN/m3) 
Capa de nivelación o 
aislamiento térmico 
según la ordenanza 
alemana 


СЕС 
ААЛУ АЗУУЛУУ 


Losa de hormigón arma- ADOS 


do (densidad superficial Бог 

riado de bovedillas de 
300-380 kg/m?) ladrillo (densidad superficial 
Revogue 5 300 kg/m3} 
del techo Falso techo de yeso laminado 


con suspensión aislada contra 
vibraciones y recubrimiento de 
amortiguación 


Losa con recubrimiento flotante 
(R'w 55-57 dB, L'n,w aprox. 
50 dB) —> pág. 487 '0 


Forjado de bovedillas mejorado 
acústicamente (R'w aprox. 58 dB, 
L'n,w aprox. 47 dB) -» pág. 487 Q 


Entarimado flotante 
sobre construcción de 
soporte con bandas 
de aislante contra el 
ruido de impactos 


Entarimado 
Cavidad 


Relleno de escoria 
Falso entarimado 


Cavidad con aislamiento 
Relleno de escoria 
Falso entarimado 


Y ==) 


Ї 


| 


Г A 
1 .., 


Falso techo de yeso laminado con 
suspensión aislada contra vibraciones 
y recubrimiento de amortiguación 


Өө 


Falso techo de chapa 
con revoco 


Forjado de vigas de madera 
convencional en edificio existente 
(R'w aprox. 45 dB, L'n,w aprox. 
66 dB) — pág. 487 Ө 


Forjado de vigas de madera con 


Un,w aprox. 54 dB) — pág. 487 @ 
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mejoras acústicas (Ачу aprox. 54 dB, 
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Medianeras 

La ilustración — @ muestra una medianera de doble hoja con una 
junta de separación а lo largo de todo el fondo del edificio, 

La masa superficial de las hojas individuales con revoco tiene que 
ser de 150 kg/m? como mínimo, el ancho de la junta de separación 
como mínimo de 30 mm. Con una anchura de la junta de separación 
(separación entre hojas) de más de 50 mm, la masa de cada hoja 
puede descender a 100 kg/m?. 

El intersticio de la junta se ha de rellenar en toda su superficie con 
paneles de aislante de fibra según DIN 18165 parte 2, tipo de apli- 
cación T (paneles de aislamiento a ruido de impacto o paneles para 
juntas de separación homologadas al respecto) colocados sin juntas. 
Para hojas de hormigón in situ se deben utilizar paneles de aislan. 
te de fibra con especial aptitud para las altas solicitudes que se dan 
en el hormigonado. 

Si la masa superficial de las hojas individuales > 200 kg/m? y la an- 
chura de la junta de separación es > 30 mm, puede prescindirse de 
la colocación de capas de aislante, si con medidas apropiadas se 
pueden excluir los puentes acústicos debidos al proceso de elabo- 
ración (р. ej., colocando encofrados que se retiran después). 

Para los muros de doble hoja puede deducirse el índice de reducción 
acústica aparente R'w,R de la suma de las masas superficiales de 
ambas hojas individuales (р. ej., según DIN 4109, suplemento 1, 
tabla 1). La junta de separación libre de puentes acústicos para la 
ejecución del muro de doble hoja puede suponerse con una mejora 
de 12 dB. 


Junta rellenada con 
material elástico 


EZ 
= Pavimento flotante 
o Si de baldosas 
Aislamiento C Capa de formación 
Pavimento СУ de pendiente 
Revestimiento = 
=| 


ЛГ 


ЕСО 


СА 


Aislamiento 
Enlucido realizado tras la colocación 
del pavimento, en el caso de 
paredes de gran densidad _ 


@) Embaidosado otante (baños) 


Amortiguación del ruido de impacto 

En el caso del ruido de impacto se excita directamente el forjado, 
que se pone a vibrar. La curva teórica, según DIN 4109 > Ө indica 
el nivel máximo de ruido de impacto normalizado que puede es- 
cucharse en una sala situada debajo de una habitación donde actúa 
una “máquina de impactos” normalizada. Además, debido a la in- 
fluencia de la fatiga por envejecimiento de los materiales, al finalizar 
la obra dichos valores deben ser más favorables en 3 dB. El ruido de 
impacto suele amortiguarse mediante un pavimento flotante que 
consta de una capa elástica de aislamiento sin juntas recubierta y 
Una capa de protección, sobre la que se coloca la capa de acaba- 
do de mortero de cemento o anhidrita (los grosores se indican en 
DIN 4109, hoja 3). El pavimento flotante también proporciona aisla- 
miento frente al sonido aéreo; por tanto, puede emplearse para todo 
tipo de forjados (grupos | y II): debe disponerse una junta elástica en 
el perímetro рага que pueda moverse -> Ө y puede a lo sumo se- 
Пагѕе con masa elástica —> @, pues se trata de una capa rígida muy 
sensible a los puentes acústicos. En los forjados cuyo grado de 
aislamiento acústico frente al ruido aéreo sea suficiente debido a su 
tipo de construcción (grupos | y Н), el amortiguamiento de los ruidos 
de impacto también puede conseguirse colocando un pavimento 
elástico. Los forjados del grupo | pueden pasar al grupo ! colgando 
por debajo un falso techo elástico. La medida en que un pavimento 
flotante o un revestimiento elástico mejora la amortiguación del ruido 
de impacto se denomina Índice de mejora IM (dB). 


Orden de las capas: 


CJE] . Hormigón H- 25 12 cm 
Cartón bituminoso 500 g/m? 
С Plancha de corcho 5 cm 
СОС Carbón bituminoso 500 g/m? 
HE Hormigón B 25 12 ст 
El А E 


Cimentación de una caldera con 
aislamiento acústico; ancho = 90 cm 


Abrazadera con aislamiento 
acústico 


material acústicamente absorbente 


2 Вокеа С 


А = material para amortiguar al ruido 
de impacto, p. ej., caucho 

В = cámara de aire; puede rellenarse 
con aistante acústico 


Conducto revestido con un 


© Pieza de metal y caucho material absorbente (amortiguador 


de telefonía) 
а Disminución del nivel 
equival. a cuatro veces 

E la capacidad acústica 4 
2 E 
3 Е 
3 EN 
E P 

2 
1 4, 

Nivel intens. 

Н У acústica E 
3 del sonido о 
3 greso O 200 400 600 800 


0,2 0,4 0,8 16 32 64 12,5 25 50 Superficie equivalente de absorción 


acústica (т?) 


Se puede reducir el nivel del sonido 
reflejado tomando medidas para 
absorberlo. Se aumenta el radio de 
reverberación y al mismo tiempo 
disminuye el nivel sonoro en el 
exterior del radio de reverberación 
primitivo 


Radio de reverberación y 
capacidad de absorción acústica 
de una sala 


Croquis de medidas -- (Y 
E = emisor 
B = receptor 


17) Aislamiento acústico que producen los Ө 
obstáculos situados al aire libre (А. І. 
King). En tas ordenadas, lectura del 
apantallamiento en función del ángulo 
а — Ө; altura en metros y longitud en % 
de las longitudes de onda, Ejemplo: 
a = 30°, h = 2,50 т: para 500 Hz 
(frecuencia media) A = 340/500 = 0,68 
y h/% = 2,50/0,68 = 3,68, por lo tanto 
el apantallamiento es igual a 17 dB 
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Ruido y vibraciones de las instalaciones 

El ruido y vibraciones de las instalaciones puede ser ruido de grife- 
rías, ruido en conductos o sonidos de llenado y vaciado. El máxi- 
mo nivel de presión sonora admisible para el ruido de las instalacio- 
nes de viviendas ajenas es de 35 db (A). Parte de instalaciones 
técnicas que emiten ruidos (tuberías de agua y desagúe, conductos 
de gas, sistemas de recogida de residuos por bajantes, ascensor) 
no deben construirse en los cerramientos de recintos de estancia 
silenciosos (sala de estar, dormitorios). 

El remedio para los ruidos de grifería lo proporcionan griferías 
aisladas acústicamente con marcaje de homologación. Para ello se 
autoriza el uso del grupo | con < 20 db 2 (А) de nivel de presión 
sonora de іа grifería en todo lugar, el grupo il con < 30 db p (A) de 
nivel de presión sonora solo en paredes de la vivienda, al igual que 
en paredes que dan a locales sanitarios ajenos. Puede lograrse una 
mejora adicional de toda la grifería mediante silenciadores. Ruidos 
de conductos se producen por la formación de remolinos en las 
tuberías; el remedio es el uso de codos en lugar de angulares, di- 
mensiones suficientes y apoyos aislantes — Ф. 

Los ruidos de llenado se generan cuando el agua cae sobre іаѕ 
paredes de la bañera, etc.; como remedio, los objetos pueden recu- 
brirse con amortiguamiento, instalar aireadores en los grifos o apoyos 
aislantes (en tal caso, también entrega del borde con junta elástica). 
Los ruidos de vaciado (ruidos de borboteo) se evitan mediante un 
dimensionado correcto y la ventilación de los conductos de desagúe. 
Las calderas de calefacción se han de aislar acústicamente me- 
diante: colocación aislada acústicamente (cimiento propio @), 
bancada o soportes antivibratorios debajo de la caldera, capot de 
insonorización para el quemador, conexión a la chimenea con 
conectores flexibles de amortiguación al igual que la conexión a la 
red de calefacción con manguitos de goma. 

La transmisión de ruido a través de conductos e instalaciones de 
ventilación e instalaciones de aire acondicionado se reduce 
mediante silenciadores especiales (“de telefonía”). Estos consisten 
en rellenos absorbentes entre los cuales circula el aire > Ө. Cuan- 
to más grosor tenga el relleno, más bajas son las frecuencias que 
se amortiguan. También los conductos de ventilación deben apo- 
yarse sobre amortiguadores acústicos + Ө. 

Absorción acústica 

A diferencia del aislamiento acústico, la absorción acústica no redu- 
ce la transmisión de un sonido a través de un elemento constructivo, 
ni influye en el sonido que llega directamente al oído desde la fuente 
sonora. Solo reduce el sonido reflejado. Como el sonido directo 
disminuye al aumentar la distancia al emisor, a partir de un determi- 
nado “radio de reverberación” en torno al toco emisor, el sonido 
reflejado es igual o incluso más fuerte que el sonido directo > Ө. Si 
el sonido reflejado se reduce, disminuye el nivel del mismo fuera del 
anterior radio de reverberación. La capacidad de absorción acústica 
de una sala se mide en m2 de superficie de absorción acústica equi- 
valente; la superficie absorbente ideal tendría la misma capacidad 
de absorción que la propia sala (para un tiempo de reverberación 
de 1,5 s, la superficie de absorción acústica equivalente S ha de 
ser V = 0,1 m2/m? de la sala, para un tiempo de reverberación igual 
a la mitad sería el doble). 

Aislamiento frente al ruido procedente del exterior 

El aislamiento frente a los ruidos де! exterior (tránsito, etc.) se consigue 
mediante: diseño adecuado de los edificios: situar los espacios de 
trabajo y descanso lejos de las fuentes sonoras del exterior; aislar 
acústicamente las paredes exteriores, sobre todo ventanas y puertas 
exteriores; colocar pantallas acústicas en la fachada. También puede 
mejorarse el aislamiento acústico modelando el terreno circundante: 
levantando muros, plantando árboles o arbustos y ajardinando el 
entorno. El grado de aislamiento acústico que se consigue mediante 
arbustos, muros y demás pantallas para las diferentes longitudes 
(longitud de onda aprox. igual a 340 m/frecuencia). 
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Compensador Ў ах > ы А АГА 
х А con límite de edi ri А Ruido transmitido a través de los sólidos 
Ч le de máquina GMT *rgamiento superficie de Las vibraciones en los elementos sólidos se deben al sonido pro- 


Pi 
Metal vibrátil Conti inmovilización 


pagado a través de ellos. Pueden tener su origen en un sonido 
aéreo o bien en un impacto mecánico directo — @. 

Corno las fuerzas de intercambio mecánicas suelen ser mayores que 
las producidas por los cambios en la presión del aire, el sonido audible 
también suele ser mayor en el caso de impactos directos. A menudo 
se producen fenómenos de resonancia, que en reducidos ámbitos 
de frecuencia llevan a una mayor radiación sonora. Cuando la vibración 
aérea irradiada solo contiene un tono, el motivo suele ser ип impacto 
cimentación con estrato elástico `- directo. El aislamiento contra el sonido propagado por los cuerpos 
sólidos tiene que orientarse a evitar el contacto o la transmisión 
directa. 

Medidas para evitar la propagación del sonido a través de 
cuerpos sólidos 


Muelle de acero y níquel 


12) Apoyo de máquina sobre una 


(1) Ejemplos de muelles aislados 


3 Emplear en las instalaciones de agua solo griferías homologadas 
$ del grupo | o Il. Mantener la presión del agua tan baja como sea 
El posible. La velocidad del agua juega un papel secundario. 
© Colocar las bañeras sobre suelos flotantes y separarlas de las pa- 
Е p 
5 redes. Sellar las juntas con las paredes соп material elástico. Los 
Reforzam. | Debilitam inodoros suspendidos de la pared producen impactos directos en 
aa 03 10120 50 10 los elementos contiguos. De todas maneras, aunque un anclaje rígi- 
| М2 = 1.41 3 do es imprescindible, se pueden disponer estratos elásticos, 
Relación de concordancia V/Verr А 5 E Ж 
O en Ajuste de muelles al centro Sujetar las tuberías a la pared, según lo indicado en la norma DIN 
i Ө 105 8 . .. 
В de gravedad 4109, con abrazaderas de amortiguación > 250 kg/m? — Ө. 


Las tuberías de suministro de agua y de desagúe deben sujetarse 
con material elástico y no estar en contacto con los elementos cons- 
tructivos. 

Los ascensores deben instalarse en recintos separados -> @ y las 
juntas rellenarse con > 3 cm de fibras minerales o apoyar el recinto 
sobre neopreno -> @. i 

Las bombas y aparatos deben colocarse sobre cimientos que amor- 
tigüen el sonido y juntas rellenas de material elástico. Los compen- 
sadores reciben tensiones de tracción, ya que la presión interna 
también actúa en sentido del eje longitudinal de los tubos — @. 
Como material amortiguador para la cimentación son especialmen-- 
te apropiadas las planchas granuladas de caucho, debido a su ele- 


5] Parsa рана sensibilidad: O Propaganda de un sonido de vada resistencia a la compresión. También pueden emplearse pro- 
Pared pesada = escasa ТО НИНЕ оиа ductos de fibras minerales y espuma PS para amortiguar el sonido. 
sensibiidas ante unimpácto En cambio, no es adecuado emplear corcho o caucho compacto, 


entre otros materiales, ya que son demasiado rígidos. Cuanto más 
se comprima el material al recibir la carga, mayor será su eficacia 
como amortiguador del sonido. E 


FÍSICA DE ŁA En los materiales de amortiguamiento, la carga admisible suele ser 
CONSTRUCCIÓN > 0,5 N/mm. Si no se garantiza esta resistencia, deben emplearse 
Aislamiento elementos puntuales, dimensionados según el peso de la máquina 
и ES correspondiente. También aquí el amortiguamiento es mayor cuando 
РЕ 3 los materiales están presionados al máximo sin que estén sobrecar- 

locales 2 gados. Los elementos puntuales deben ser de neopreno o acero. 
Pararrayos БЫ: Los muelles de acero, debido a su escasa rigidez, son una ехсе- 
к: lente manera de amortiguar la propagación del sonido a través de 

DIN 08 elementos sólidos — @. 


[7] Caja de ascensor separada a © Caja de ascensor apoyada sobre Г 
2 З ст por fibras minerales neopreno En casos especiales se emplean amortiguadores de aire. En 


caso de amortiguadores puntuales es imprescindible ajustarlos al 
centro de gravedad para que reciba una carga centrada > Ө. 

En el caso de impactos periódicos —p. ej., masas vibrantes u osci- 
lantes— la frecuencia de impacto no debe armonizar con la frecuen- 
cia propia del sistema fijado elásticamente. 

А causa de la resonancia se producen grandes movimientos, que 
en elementos de escasa capacidad de amortiguación pueden llegar 
a provocar roturas —> Ө. i 

Mediante un apoyo elástico doble se consigue una amortiguación 
especialmente elevada — Ө. 


Anclaje de acero dB 265 ч 


Мапа de suspensión 
DE 20А 


Técnicas de la 
construcción 


TOTTI 
хан \, Е 


Angular de susp. 1/22 


_ Placas de cartón yeso Las concordancias desfavorables (p. ej., cimientos sobre suelos 
© Ventilador colocado sobre Ejemplo de un elemento flotantes) pueden facilitar la resonancia. 


un apoyo elástico doble de forjado de metal vibrátil 
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11) Medición de la reverberación 


Tiempo de 
reverberación 


Función 


Tiempo ——- 
de la sala 


— Eco 
Conferencia 


Música La 15 
de cámara 


Música 


Presión acústica Р — 


Música 


A+>50ms 
== de órgano 


(2) Criterio de voz 


` СЕНЕН ЕЕ ТТ 


Tiempo de reverberación T 


0,8 
10 23 5 10 23 5 100 23 5 10 
Tolerancia en el tiempo de reverberación + 20% 
máximo 


Uso de la sala Volumen 
unitario 
mYplaza | еп тз 
z El 8.000 
confer., conciert. 
Teatro musical 15,000 
(Óperas, zarzuel.) 


Volumen V 


Volumen 


Música | Música sinfónica | 8... 12 | 


20 40 60 80% 100 
œ Comprensibilidad 
s$ па Excel ч yaa conos 
| Deficiente 188 Вцепа| Excelente 
Comprensibilidad de la palabra Tabla de volúmenes específicos 
hablada У =f (uso) 


Reflexiones desfavorables 
(riesgo de eco) 


Energía — 


Umbral de 
molestias В(ї) 


O Secuencia de reflexiones en una sala 


FÍSICA DE LA CONSTRUCCIÓN 
ACÚSTICA DE LOCALES 


La acústica en arquitectura pretende crear condiciones de audición 
óptimas para los oyentes en espacios para representaciones de voz 
y música. 

Para ello deben tenerse en cuenta diferentes influencias; las más 
importantes son el tiempo de reverberación —es decir, el tiempo 
que transcurre hasta que el nivel de presión sonora disminuya 
60 dB después del cese de la fuente => @ (la evaluación se realiza 
en el ámbito de una disminución del nivel de presión sonora de 
-5a -35 dB, DIN 52216, Medición del tiempo de reverberación 
en salas de auditorios)—, la superficie absorbente del recinto, la 
cantidad de material absorbente y el eco. 


El cálculo del tiempo de reverberación t del volumen V de un recinto 
se realiza normalmente mediante la fórmula de Sabine: 


| 07163-1 
DE 


El coeficiente de absorción acústica Us es específico de cada mate- 
rial y se calcula en las denominadas cámaras reverberantes. Las 
superficies individuales S (р. еј., personas, sillería, decoración) de 
toda la superficie absorbente de un local se consideran en el cálculo 
con sus valores específicos. El tiempo de reverberación se calcula 
para las frecuencias f = 125, 250, 500, 1.000, 2.000, 4.000 Hz. Los 
datos de tiempos de reverberación promedios rondan en la mayoría 
de los 500 Hz. 

Cuando de una curva de tiempos de reverberación de inclinación 
constante > @ emergen puntas aisladas, éstas se denominan eco 
— Ө. Para determinar lo que se considera eco, se emplean dife- 
rentes criterios de tiempo e intensidad, según se trate de música o 
palabra. Como las salas de conciertos han de poseer un tiempo de 
reverberación mayor, se han de considerar, por regla general, me- 
nos críticas respecto al eco. 


Requisitos que deben satisfacer las salas 


Tiempo de reverberación 

El valor óptimo depende del volumen y uso del espacio (música, 
palabra hablada, — Ө). 

El tiempo de reverberación depende de la frecuencia y suele ser 
mayor en las frecuencias bajas que en las altas. 

Para una frecuencia f = 500 Hz se pueden considerar como óptimos 
los valores expresados en la tabla > Ө. 


Claridad acústica (comprensibilidad del lenguaje) 

Sirve para valorar el grado de comprensibilidad de la palabra ha- 
blada — Ө. No está normalizada, por lo que se emplean diferentes 
conceptos: comprensibilidad de frases, de sílabas, valoración con 
logatomos. 

Las mediciones de comprensibilidad de la palabra hablada se reali- 
zan haciendo que un colectivo numeroso de oyentes escriba sílabas 
aisladas sin significado, por ejemplo, dad, pro (logatomos); el núme- 
ro de anotaciones correctas se emplea para la valoración, Un valor 
superior al 70 % se considera excelente. 

Los nuevos métodos objetivos emplean señales acústicas moduladas 
(Métodos RASTI) que conducen con procedimientos sencillos a re- 
sultados reproducibles. 


Efecto del local 

Percepción de las reflexiones acústicas que se producen en un local. 
En el caso de la música, son convenientes reflexiones difusas, mien- 
tras que las reflexiones rápidas, hasta aprox. 80 min de retardo 
(corresponde a 27 m de distancia) frente al sonido directo, favorecen 
la claridad. El lenguaje hablado exige reflexiones más rápidas, de 
hasta 50 m, para que no disminuya la claridad. 
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Eco de 
coincidencia 


_Eco múltiple en paredes paralelas 


sin relieves 


Techo plano para escuchar 
música, inclinado hacia atrás 
para palabra hablada 


Ámbito de 
intensidad 
sonora 


deficiente 


17) Plegado del paramento 
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Reflexión difusa mediante plegado 


del paramento 


Ө Forma cestavorable del techo 


Superficie de absorción acústica —— 


Sonido directo en todas las 

Ө butacas gracias al peralte de las 
filas. La curva corresponde a una 
espiral logarítmica 


FÍSICA DE LA CONSTRUCCIÓN 
ACÚSTICA DE LOCALES 


Estructuras primarias 

El diseño de la estructura primaria de un local es el criterio de plani- 
ficación de acústica arquitectónica más importante. Se considera 
que las reflexiones laterales iniciales son subjetivamente más 
favorables para la música que las reflexiones desde el techo, incluso 
en caso de retardos muy cortos (debido a la falta de simetría de la 
impresión acústica), pues cada uno de los oídos recibe señales 
diferentes. Locales estrechos y altos con paredes moduladas, 
geométricamente reflectantes y techos de reflexiones difusas 
son por eso lo más sencillo desde el punto de vista de la acústica 
arquitectónica. 

El volumen acústicamente necesario depende de la utilización a la 
que se destina el recinto (> pág. 491 @). Valores orientativos son 
4 m/persona para voz y 10 m*/persona para música (de concierto), 
Volúmenes demasiado pequeños no admiten el tiempo de reverbe- 
ración suficiente. 


Geometría del local: 

Para la música son especialmente apropiados locales estrechos y 
altos con paredes moduladas (reflexiones laterales tempranas). En 
la cercanía del escenario se requieren superficies de reflexión para 
las reflexiones iniciales y el equilibrio de la orquesta. 

La pared posterior no debe reflejar el sonido en dirección al esce- 
nario, ya que esto podría ocasionar eco. 

Deben evitarse las superficies paralelas y lisas para impedir ecos 
múltiples por reverberación reiterada > 6). Mediante el plegado en 
ángulos > 5” puede anularse el paralelismo y conseguir una reflexión 
difusa — Ө. 

Los techos sirven para la conducción del sonido a la zona posterior 
del local, y tienen que estar diseñados al respecto — Ө - Ө. En 
caso de una geometría desfavorable del techo, aparecen grandes 
diferencias de volumen debido а la concentración del sonido. 
Menos propicios son los locales con paredes en diagonal que se 
abren hacia atrás, pues las reflexiones laterales pueden resultar 
demasiado débiles > Ө. а 

Mediante superficies de reflexión adicionales (escalonamiento 
Weinberger) en el local o un marcado plegado de los paramentos 
para la conducción del sonido puede compensarse esta desventa- 
ja (р. ej., filarmónicas de Berlín y Colonia -> Ф). 

El escenario debería ubicarse en la parte más estrecha del local, 
Para interpretaciones de voz hablada o en espacios pequeños (mú- 
sica de cámara), los escenarios también pueden colocarse a lo largo 
de las paredes longitudinales (Beethovenarchiv -> Ө). Los escenarios 
deben estar elevados sobre la platea para respaldar la propagación 
directa del sonido, ya que de otro modo el nivel de presión sonora 
decae demasiado rápidamente en el transcurso de esta > Ө. 
Desde el punto de vista acústico es preferible tener una altura cre- 
ciente de las filas de butacas (sonido directo homogéneo en todas 
las plazas). El ascenso de la curva sigue una espiral logarítmica —> 0 
(las salas polivalentes con escenarios en posición variable y platea 
plana normalmente son problemáticas para la música). 


© Caída de la intensidad acústica por encima de superficies absorbentes 


© Velas suspendidas para dirigir Partición de las superficies 
las ondas acústicas desfavorables de reflexión 


a) Reflexión difusa mediante Dispersión acústica a través 
е cambios de material; de reflexiones desplazadas 
b) Superficies de reflexión difusa en el tiempo 


Frecuencia ——= 
(5) Absorción de frecuencias bajas mediante paneles vibrantes 


Pequeña proporción de huecos 
Elevada proporción de huecos 


Frecuencia —— 


16) Características de absorción de los resonadores 


NNI 


A 


N 


as — 


AAW 


Frecuencia —— 


(7) Absorción de los materiales porosos 


(3) Transmisión acústica excelente gracias a una curvatura adecuada 


FÍSICA DE LA CONSTRUCCIÓN 
ACÚSTICA DE LOCALES 


Estructuras secundarias 

Para el cálculo del tiempo de reverberación se analiza toda la su- 
perficie absorbente de un local; es decir, se calculan las superficies 
y el coeficiente de absorción específico de todas las superficies 


` individuales de un recinto (p. ej., personas, sillería, decoración) 


(—> fórmula de Sabine, pág. 491). 

En consecuencia, con la elección de la distribución y los materiales 
de las estructuras secundarias se pueden compensar en gran 
medida las desventajas de una estructura primaria desfavorable. 
Las superficies de protección acústica flexibles (controlables elec- 
trónicamente) facilitan además tiempos de reverberación variables. 


Superficies secundarias de reflexión 

Las superficies de reflexión pueden compensar en gran medida las 
desventajas de una estructura primaria desfavorable (p. ej., paredes 
que se abren hacia atrás plegando la superficie, geometría del techo 
colocando paneles o dividiéndolo en elementos -> Q - Ө). 


‚ Con el trazado apropiado de una curvatura del techo se consigue 


una conducción del sonido muy buena -» Ө. 


Reflexiones difusas: las superficies de las que se esperan ecos 
tienen que reflejar el sonido de modo difuso; es decir, tienen que 
dispersar el sonido que еда a ellas — Ө. 

Las reflexiones difusas conducen a curvas de tiempos de reverbe- 
ración equilibradas, debido a la difusión homogénea del sonido g. 
La modulación de superficies mediante plegado requiere ángulos 
> 5”. Igual de eficaz son los relieves de las superficies (antepechos, 
nichos, etc.) gracias a la división de las ondas acústicas o de re- 
flexiones retardadas — @. 


Superficies absorbentes 
Las superficies absorbentes evitan concentraciones de sonido y 
ajustan el tiempo de reverberación a los valores deseados. La 


compensación del tiempo de reverberación deseado se realiza _ 


mediante la combinación de superficies reflectantes con diferentes 
propiedades. Estas están determinadas por su estructura: 

Las superficies resonadoras absorben las bajas frecuencias. 

Las dimensiones de las superficies, la separación y el relleno de la 
cavidad se varían para una regulación detallada — Ө. 

Las superficies con aberturas ante cavidades absorben normal- 
mente frecuencias medianas (resonador tipo Helmholtz); propor- 
ción de las aberturas, volumen de la cavidad y amortiguación de la 
cavidad definen la frecuencia, la magnitud y la geometría del pico 
de absorción — Ө. 

Los materiales porosos se emplean para la absorción de las altas 
frecuencias. El grosor de la capa y la fricción modifican el curso 
hacia frecuencias bajas — Ф. Una alternancia apropiada de super- 
ficies reflectantes y absorbentes tiene un efecto sobre la reflexión 
como un relieve marcado de la superficie — Ө. 


Butacas 

А menudo ya se determina el tiempo de reverberación factible 
exclusivamente a través de la absorción de las personas y de las 
butacas. Para que el tiempo de reverberación no dependa del nú- 
mero de personas presentes se requieren unas butacas que, en la 
medida de lo posible, presenten una alta absorción en el asiento y 
el respaldo, que queda tapado cuando los espectadores están 
sentados. Las superficies de absorción adicionales para frecuencias 
altas solo son necesarias si se excede considerablemente el volu- 
men específico del local (pág. 491 -> Ө). Si el volumen del local y 
las butacas están correctamente adaptados entre sí, en la mayor 
parte de los casos solo es necesario corregir el tiempo de reverbe- 
ración de las bajas frecuencias. 
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FÍSICA DE LA CONSTRUCCIÓN 
PARARRAYOs 


A 50° de latitud, durante cada hora de tormenta se producen aprox. 
60 descargas de rayos en la tierra y entre 200 y 250 descargas 
entre las nubes. 

En un círculo de 30 m de radio en torno al punto de caída de un 
rayo (árboles, obra de fábrica, etc.), la diferencia de tensión pueda 
afectar a las personas que se encuentran al aire libre, por lo que 
deberían tener los pies protegidos. 

Los daños producidos en los edificios se deben al desprendimien. 
to calorífico de los rayos, que al descargar en la tierra calientan 
tanto el agua que llega a evaporarse, y puede ocasionar voladuras 
de tipo explosivo en muros, mástiles, árboles, etc. 


Instalaciones de pararrayos 

Un sistema de protección contra el rayo tiene la función de captar 
la acción del rayo mediante captadores (cabezales captadores) y 
asegurar que el edificio se encuentre dentro de una zona de pro- 
tección (“jaula de Faraday”). 

Un sistema de protección contra rayos consta de captador, con- 
ductor y toma a tierra. 


Elementos de captación 
Los elementos de captación son barras, tuberías, superficies y 
puntos metálicos existentes en la cubierta. Ningún punto de la 
13) Cubierta a dos aguas O Cubierta a dos aguas con faldones cubierta estará a más de 15 т de un elemento de captación. En las 
a cubiertas de paja, debido al peligro de incendio a causa de posibles 
chispas, deben colocarse dos pletinas metálicas de 60 cm de an- 
chura a cada lado de la cumbrera, apoyándolas sobre anclajes de 
madera > Ө - O. La caída de tensión que se produce cuando 
descarga un rayo en la tierra es de, por ejemplo: 100.000 A x 5 cm 
= 500.000 V; todos los elementos de la instalación de pararrayos 
están sometidos, en el momento de la descarga, a este potencial 
eléctrico tan elevado. е 
La medida, muy eficaz, de conectar todos los grandes elementos 
y conducciones de metal a la instalación de pararrayos, ayuda a 
equilibrar la diferencia de potencial generada. 


МУ „7 


(5) Cubierta a cuatro aguas 16) Cubierta con dientes de sierra 
Conducción en la cubierta AN Агїепа 
Conducción enterrada Ascensor 
Puesta a tierra en la 
К cimentación La] Hogar 
Punto de separación О O Elementos metálicos 
FÍSICA DE LA Puesta a tierra auxiliar ma 
CONSTRUCCION (punto de separación) CE Puerta gas-agua 
Aislamiento Conexión a elemento aim Conducción vista 
térmico metálico en la cubierta 
Aislamiento 1б А pa ió 
acústico Conexión flexible ==zx= Conducción agua-gas 
cio ыз Вай де equilibrio de potencia/ O Número de los puntos 
Párdrrayos гай de puesta a tierra de separación 
Puesta a tierra profunda “=G7- Canalones y bajantes 
Instalación de pararrayos más Tramo con punto i 
о frecuente en la actualidad JS 2 ЕЕ Cubierta metálica 


Enrejado metálico para 
retener la nieve 


oy 
ajajaja 
Barra de captación 1 Ф Conexión a tuberías, 
+ 


И Arco de dilatación 


canalones y bajantes, etc. 
Tubo y pica de puesta a tierra 


“= 
—e 
$P4- derivación de sobretensión 


\ Hormigón armada Puesta a tierra 
i con conexión 
5 Límite de la edificación A/G Contador de agua, 
1 contador de gas 
Técnicas de la | 12 1 Construcción metálica Mástiles para líneas eléctricas 
construcción | О) Tanque metálico ө @ Bara de captación 
! ` Mástil de captación 
t 
П QO- Lámpara о Tuberías metálicas 


к н e -— --- 


Edificio con cubierta de paja: planta у axonométrica. Conducción а 60 ст рог ч ` 7 А 
encima de la cumbrera sobre fijaciones de madera у a 40 cm por encima del © Simbología para las instalaciones de pararrayos 
resto de la superficie de la cubierta 
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Edificio con estructura de acero: 
conectar la estructura tanto a la 
conducción de la cubierta como 
a la conducción del suelo 


Dispositivo 
de captación 


Conducción 


Elementos principales de una 
instalación de pararrayos 


Elemento 
de captación 


Conexión al 
revestimiento 
mural 
Planchas 

de aluminio, 
0,5 mm de 
grosor mín. 


Conexión a la 
conducción de 
puesta a tierra 


Puesta a tierra 


Revestimiento dlas fachadas 
соп planchas de aluminio como 
elernentos de transmisión al suelo 


Chimenea an la 
cumbrera con 
elemento de 
captación formado 
por un bastidor con 
perfiles de acero en 
forma de L 


Conectar los mástiles de separación 
colocados en las chimeneas con el 
canalón de la cubierta 


Puesta a tierra 


Cubierta de planta metálica y 
paredes de madera: conectar 
el tejado a la construcción de 
cumbrera y a las derivaciones 
hacia el suelo 


Cubierta de 
aluminio de 0,5 mm 
mín. de grosor 


Conducción 


Punto de 
separación 


Puesta a tierra 


Cubierta de aluminio como 
elemento de captación 


Revestimiento 
de cubierta 


existe ya una 
unión metálica 
entre ambas 


Chimenea con mástil 
de captación 
conectado a 

la conducción 


Conectar los elementos metálicos 
y tubos de ventilación a la 
instalación de pararrayos 


Los soportes de líneas de alta tensión 
no deben conectarse directamente a 
la instalación de pararrayos. 
Separación de descarga: 3 cm 


En fos elementos metálicos con 


instalación eléctrica, se ha de colocar 


un dispositivo de protección contra 
la sobretensión 


FÍSICA DE LA CONSTRUCCIÓN 
PARARRAYOS 


Instalaciones de puesta a tierra 

La puesta a tierra se realizará mediante barras o planchas metálicas sin 
aislar, y a la profundidad en que la resistencia del terreno a la difusión de 
la descarga eléctrica sea reducida. El grado de resistencia a ta difusión 
de la descarga eléctrica varía según tipo de terreno y grado de humedad. 
La puesta a tierra (pletinas enterradas horizontalmente) tiene por objetivo 
conducir rápidamente al suelo la corriente eléctrica generada por el rayo. 
Se diferencia entre puesta a tierra profunda y superficial. Esta última se 
realiza en forma anular o lineal y es preferible situarla en el hormigón de 
cimentación. Como material se emplean perfiles planos de acero 
galvanizado 30 х 3,5 о 25 х 4 o tubulares de acero Y 10 — @ - Ө. 
Las picas de puesta a tierra son barras, tubos o perfiles metálicos de 
sección abierta e hincados en el suelo; no están aisladas, sino que entran 
en profundidad en el terreno —> @ – @. La altura a la que se hincan 
varía según tipo de terreno y contenido de humedad > Ф. 

Si alcanzan una profundidad mayor a 6 m, se califican de profundas. Un 
dispositivo radial de puesta a tierra está compuesto por elementos linea- 
res distribuidos en tomo a un punto o a una banda. 


Resistencia 
a la difusión 
eléctrica 


ô 


cultivado 


Resistencia a іа difusión eléctrica de bandas у barras de puesta a tierra 
en diferentes tipos de suelo 
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Ф Pica de puesta a tierra anclada en Pica de puesta a tierra anclada 
una cimentación de hormigón en una cimentación de hormigón 
en masa armado 
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Detalie constructivo para salvar 
la junta de dilatación en el interior 
del edificio 
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-E Puesta a tierra FÍSICA DE LA CONSTRUCCIÓN 


de seguridad 


a Puesta a tierra PARARRAYOs 
$ І 
8 Zonas de protección de rayos 
3 Generalmente el objeto que se ha de proteger se divide en diferen- 
3 en 
E tes zonas de protección; definidas tanto en normas como en LPZ 
Ñ (Lightning Protection Zone) > Ө. 
Zona de protección 0x: 
сеа Esta zona está situada fuera del edificio que se ha de proteger, 


Dentro de este ámbito es posible la incidencia directa de un rayo; 
existe un campo de descarga sin ningún tipo de amortiguación. 
Zona de protección 0»: 

A través de los elementos de captación situados sobre y junto a las 
partes de la edificación que se han de proteger, surgen zonas en 
las que es posible descartar la incidencia de un rayo. Existe un 
campo de descarga sin ningún tipo de amortiguación. Estos ámbi- 
tos exteriores son designados como zonas Оӊ. 

Zona de protección 1: 

El edificio a proteger se inscribe en la zona de protección 1. Normal- 
mente el tejado, los muros exteriores y la solera del sótano esta- 
blecen la frontera entre esta zona y la 0, por lo cual debe dotarse 
a la envolvente del edificio de determinadas medidas de protección. 
Zona de protección 2 o más altas: А 

En ocasiones es conveniente establecer zonas especialmente pro- 
tegidas dentro de la zona 1; como, por ejemplo, los sistemas cen- 
trales de ordenadores de zona 2 y algunos aparatos electrónicos 
aislados de zona 3. 
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Grado de [Eficiencia Radio de , [Luzde Separación 
protección esfera retícula estándar de ¡protección |тахіта 
conducciones 


Э = эз» [eom [smxsmfiom | -@ [жол | 
° fos [вт _ _ mesm щт | тоска 
10 20 30 40 50 60 Altura (т) 
(2) Ángulo de protección en ralación con el grado de protección y la altura (5) Grado de protección . 
sobre el ámbito a proteger 


і 

\ = i А 

И y 

\ AS Zona de protección O, 
W = Luz de retícula Red de х и" > O ТЫ 
captación ad aF h Dispositivo # Zona de protección Ов 
de captación 
fu) 
FÍSICA DE LA y 


CONSTRUCCIÓN h 


Zona de Protección especial (armadura) 


ГА 

Aislamiento Angulo protección/O 
térmico 
Aislamiento 
acústico 
Acústica de «<. S 
locales 
Pararrayos 


Zona de protección 2 


Y ‘Conducción 


Protección de aparatos 


Instalación de toma a tierra - 

Ventilación 

© Procedimientos рага el dimensionado de un dispositivo de captación: 
esfera, ángulo y retícula 

Derivación 


\ $ = Distancia de seguridad $: 9 
% © = Ángulo de protección i F 


écni Red de Б Red de abastecimiento 
Técnicas de la оаа апі Zona de protección”1 НҢ informático 
construcción 
Armadura de acara 
Тота:а бета: Equilibrio potencial, pararrayos 
dela cimentación Sistema de puesta 
a tierra Equilibrio de potencial local. А 
ВІ Protección contra sobretensión 
14) Tejados protegidos con barra de captación 16] Desglose de un edificio en zonas de protección 
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1 cienbillo- 1 cienmilé- 
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Rayos 
cósmicos 


1 billardé- 
sima 


1 milloné- 
sima 


ө Espectro energético de la radiación electromagnética 
(1 nanómetro = 1 millonésima de milímetro) 


21 de marzo, equinoccio 
de primavera 23,5" 


„г“ 


21 de junio, 
solsticio 
de verano 


21 de 

yA ON diciembre, 
А Sol ESA soisticio 
Py Д7 de ifiviarno 


El жем 
23 de septiembre, 
equinoccio de otoño 


(2) Las estaciones del año en el hemisferio Norte 
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ILUMINACIÓN NATURAL 
FUNDAMENTOS FÍSICOS 


Requisitos generales de iluminación natural en espacios 
interiores. 

Los espacios destinados a estancia permanente de personas se 
han de iluminar con suficiente luz natural y se debe garantizar una 
conexión visual adecuada con el exterior. Los correspondientes 
requisitos están fijados en la norma DIN 5034 “Luz natural en los 
espacios interiores” (partes 1? a 5°) y en las respectivas ordenanzas 
municipales y regionales —> Internet, 


Luz, longitud de onda y color de la luz 

En el ámbito de la radiación electromagnética —> @, la luz visible 
ocupa una banda relativamente reducida, aprox. 380-780 nm. La 
luz (luz natural y luz artificial) es la franja de la radiación electromag- 
nética percibida por el ojo humano y se encuentra entre el ultravio- 
leta y el infrarrojo. Los colores comprendidos en dicha franja se 
ordenan según su longitud de onda, así, por ejemplo, el violeta 
corresponde a una onda corta y el rojo o una onda larga. La luz 
solar contiene proporcionalmente más radiación de onda corta que 
las lámparas de incandescencia, es decir, es más roja. 

La luz diurna es percibida por el hombre como si fuera de color 
blanco, a excepción de los colores rojizos del amanecer y el atar- 
decer, el arco iris, etc. | 

La unidad para medir la intensidad lumínica —en particular la luz 
artificial — es el lux (Іх). La luz diurna en un espacio interior se ex- 
presa en % (véase más adelante). 


Fundamentos astronómicos: Sol, posición del Sol 

Las fuentes que producen luz natural no son constantes, El Sol es 
la “fuente primaria” de luz natural, independientemente del estado 
del cielo. La inclinación del eje terrestre, aprox. 23,5", la rotación 
diaria de la Tierra alrededor de su propio eje y la circunvalación 
anual en torno al Sol implican que en cualquier punto de la Tierra, 
el Sol ocupe una determinada posición según cual sea la hora del 
día y el día del año — Ө, que se expresa mediante dos ángulos: 
acimut a, y altura y.. El acimut a, es la proyección en planta de la 
posición aparente del sol, describe la desviación horizontal respec- 
to al norte geográfico: Norte = 0°, Este = 90°, Sur = 180°, Oeste = 
270° => Ө. La altura y, es la proyección'en vertical de іа posición 
aparente del Sol sobre el horizonte — Ө. - 


Cálculo de la posición del Sol 

Existen varios métodos para calcular la posición aparente del Sol 
en un lugar determinado. 

Debido a la declinación del Sol a lo largo del año, véase — pág. 497 
O, resultan cuatro estaciones diferentes, es decir, cuatro posicio- 
nes del Sol. En los equinoccios, 21.3 y 23.9, la noche y el día tienen 
la misma duración y la declinación del Sol es de 0°. 

El 21.12, solsticio de invierno, es el día más corto del año y la de- 
clinación del Sol es de -23,5*; el 21.6, solsticio de verano, es el día 
más largo del año y la declinación del Sol es de + 23,5”, 

La posición del Sol se calcula a partir de la latitud: el 21.3 y el 23.9 
a mediodía (a, = 180°) el Sol forma un ángulo cenital idéntico a lo 
largo de cada paralelo, por ejemplo, en el paralelo 51° de latitud 
Norte (Kassel) el ángulo cenital a mediodía (о, = 180°) es de 51° 
=> pág. 598 Ө. El ángulo de elevación del Sol por encima del hori- 
zonte es de 90°- 51° = 39°. 

El 21.6, el Sol, a mediodía (о, = 180°), está 23,5° más alto que el 
21.3 y el 23.9, es decir, 390 + 23,5” = 62,5, mientras que el 21.12 
el sol está 23,5? más bajo que en los días de equinoccio, es decir, 
39-23,5° = 15,57. Estas desviaciones son iguales para todas las 
latitudes. И 

De esta manera se puede calcular en cualquier paralelo, y рага cada 
día del año, la correspondiente posición del Sol. 
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Ene. Feb. Маг. Abr. Mayo Jun. Jul. Ago. Sep. Oct Nov. Dic. 


© Declinación del зо! а lo largo del año 3 


* шт г осе И ІА 
чі рка AZ E E 


А 60 
Ene. Feb. Маг. Abr. Mayo Jun. Jul. Ago. Sep. Oct Nov. Dic. 


23.9. 


Acimut solar о, y elevación solar y, para una latitud 5° М (centro de Alemania, 
Aquisgrán, Colonia, Kassel) en función de la hora y del día 


1. Semestre: 
2. Semestre: 


= Líneas gruesas S 

— Lineas finas 

а Diagrama de la posición solar, Darmstadt: 
Longitud = 8' 65° E, Latitud = 49' 87° N 
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Diagramas de la posición solar 

En la norma DIN 5034 hay tres diagramas de la posición solar para 
el norte, centro y sur de Alemania, respectivamente. Por ejemplo, 
para una latitud norte de 51° (Kassel > 6) el diagrama muestra la 
proyección en planta del acimut y de la elevación de la posición сеј 
Sol, según la hora local, por ejemplo, en Kassel el Sol sale el 23,9 
a las 6:00 horas con un а, = 90° (Este), el mismo día a las 12:00 
а; = 180° (Sur) y la elevación es de 39°; el Sol se pone a las 18:00 
horas: a, = 270°. 

Para averiguar la trayectoria aparente del sol en un lugar determi- 
nado, existen unos diagramas de la posición solar > Ө que indican 
la proyección en planta del acimut a, y de la elevación y, en función 
de la hora y el día del año, para un paralelo determinado. Las curvas 
lemniscatas dibujadas a intervalos horarios son de color violeta para 
el primer semestre del año y de color verde para el segundo. El 
desarrollo de las curvas horarias en forma de lazos se debe a la 
forma elíptica de la órbita terrestre en torno al Sol y a la curvatura 
de la elíptica. Los datos horarios corresponden al meridiano de 
referencia, es decir, al uso horario del lugar (por ejemplo: Essen: 
hora centroeuropea y longitud 15° Este). 

Los puntos de intersección de las curvas diarias con las curvas 
horarias de igual color indican la posición del sol en cada momen- 
to. En el diagrama polar de color naranja se puede leer la posición 
angular де! sol (acimut y elevación) > Ө. 


Proyección de la órbita solar 

Con las proyecciones estereográficas puede calcularse empleando 
el disco correspondiente -> Ө la trayectoria de la órbita solar para 
cada latitud (el día 21 de cada mes) en función de la hora del día y 
el día del año. 


Posición del Sol, hora oficial y medición del tiempo 

La posición del Sol determina las características de la luz diuma en 
función de la hora y del día. La verdadera hora local (VHL) es el dato 
horario usual (por ejemplo, en los diagramas de la posición solar) 
para el cálculo de ta luz diurna. Cada lugar está incluido en una 
zona horaria, donde se emplea la hora del correspondiente huso 
horario. Si lo que interesa es conocer esta última, se ha de trans- 
formar la VHL en la hora oficial, que en Alemania es la hora centro- 
europea (HCE) = VHL + igualación horaria + diferencia horaria; si 
se ha de tener en cuenta el cambio de hora en verano (hora cen- 
troeuropea en verano) HCEV = HCE + 1 hora. 


Proyección estereográfica de la órbita solar, por ejemplo, para un lugar situado 
Өө a 51° LN. El día 21.3 y el día 23.9: el о! sale a las 6:00 horas y se pone a las 
18:00 horas. y, = 39° a las 12:00 horas 
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Cálculo del asoleo en los edificios 
к DIN 5034-2 

Y”. ES Con el método que se explica a continuación 
е puede conocerse inmediatamente la insolación 
en cualquier edificio proyectado, basta colocar 
el gráfico circular que reproduce la trayectoria 
solar, según. la orientación correspondiente, 
debajo del papel transparente en el que se 
haya dibujado el proyecto. Las trayectorias del 
sol dibujadas corresponden a una latitud de 

51,5” N (Dortmund-Gúttingen-Halle). - 
En el sur de Alemania, a una latitud de 48° М 
(Friburgo, Múnich, Salzburgo, Viena) deben 
E sumarse 3,5” a las alturas del Sol reseñadas. 
Para el norte de Alemania, situado a una latitud 
de 55° N (Flensburgo, Bornholm, Königsberg) 
se han de restar 3,5” a las alturas del Sol re- 
señadas. Los grados inscritos en el segundo 
"sana € anillo (empezando desde el exterior) se refieren 
al “acimut”, que es el ángulo con el que se 
mide el movimiento aparente del Sol desde el 
Este hacia el Oeste, én su proyección sobre 
un plano horizontal. Las horas locales indicadas 
en el círculo exterior coinciden con la hora ofi- 
cial, en aquellos lugares situados sobre el me- 
ridiano 15° E (Görlitz, Stargard, Bomholm = 
meridiano de la hora centroeuropea). En los 
S lugares situados más al este, se han de restar 
a la hora indicada 4 minutos por cada grado 
de separación, y para los situados más al oes- 
Ф Peron astas! Paren eres yenne, сеш ерү te, se han de sumar a la hora indicada 4 minu- 
tos por cada grado de diferencia. Por consi- 
guiente, la hora local en Potsdam, que se 
N encuentra en el meridiano 13° E, se retrasa 

8 minutos respecto a la hora oficial. 


Noche: 7,5 horas 


NORTE 


Observador 


12 h Hora local 


Tiempo de asoleo 

М Е El posible tiempo de asoleo es bastante pare- 

cido en los días que van del 21 de mayo al 

21 de julio = 16 a 16%, horas y del 21 de no- 

viembre al 21 de enero = 8%, a 77 horas. Du- 

rante los meses intermedios, las horas de sol 

varían casi 2 horas por mes. El asoleo real, 

debido a la existencia de nubes y niebla, ape- ILUMINACIÓN 
nas llega al 40 % del asoleo posible. El grado NATURAL 
de eficacia varía mucho de un lugar a otro; en Fundamentos 


Noche: 12 horas 


NORTE 


О Berlín las condiciones climáticas son especial- Анон Solar 
Altura del Sol: 0° Observador E mente buenas (en julio casi 50 %, mientras que Asola М 
от O 


en Stuttgart es del 35 %). Se puede obtener irradiación solar 
una información más precisa consultando al lluminación 


ч ЧИГ i lateral 
Servicio Meteorológico Nacional. Iluminación 


cenital 

Criterios 
Sol y calor de Галант й 

i de Redirecci 

La temperatura ambiente al aire libre depende de kz авіа 
de la posición del Sol y de la capacidad de Аратаіатіепіо 
liberación térmica del suelo. Рог este motivo, А 
la curva de color tiene un retraso de aproxima- DIN 5034 
damente 1 mes respecto a la curva correspon- 
diente a la altura del Sol а lo largo del año. Por 
eso, el día más caluroso del año no es el 21 de [AAA 
junio, sino alguno de la última semana de julio; PARES 


y el día más frio del año no es el 21 de diciem- 


tiembre 


Ё у21 де 
Qe Л) 


S bre, sino alguno de la última semana de enero. 
Evidentemente, también en este caso, hay 
(2) Trayectoria solar correspondiente a los equinoccios, día y noche son iguales grandes diferencias de un lugar a otro. 
(aproximadamente el 21 de marzo y el 23 de septiembre) 
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NO 


Asoleada desda 


NE Asoleada desde las 14% hasta las 20% 


Noche: 18,5 horas 


Asoleada desde 
las 03% hasta las 109 
6%, horas 


Ф 
ш 


Observador 


О Е 
Ya Asoleada desde 
v las 03% hasta las 10% 
Día: 7,5 horas а 6 °/, horas 
(5) Solsticio de verano. Poco después de las 11 h, 
empiezan las sombras en la cara norte; poco 
después de las 13 h también la cara sureste se 
encuentra en sombra. Las fachadas restantes 
empiezan a estar soleadas a las horas 
correspondientes 
A N % У Asoleada desde 
2 У las 09% M Asoleada desde 
06° а 
@ Trayectoria solar correspondiente al solsticio de invierno el día más corto E plas эн 
del año (aproximadamente el 21 de diciembre) Latitud 51,5° М (Dortmund-Halle) 2 
21 de junio; 
solsticio de verano 
21 de marzo y 
21 de septiembre 
ех equinoccios 
Posiciones del soi a las 12 h en los 
días más característicos del año. La 
distancia entre el sol y el observador solsticio de invierno К f 
corresponde al radio interior de ja > ч dd мй cea 
trayectoria del sol, dibujada a puntos є 2 у 14% asta ias 
en el gráfico que representa la 21: de адетге: сая 
БЕУ Зов en planta de la respectiva Equinoccios. La fachada noreste empieza a estar 
ura del sol 6) en sombra poco después de las 10 horas; la cara 
Observador sureste poco antes de las 15 horas 
ILUMINACIÓN N 
NATURAL y 
Asoleada desde 
Fundamentos las 9% hasta las 15% 
físicos = 0% horas 
Altitud solar 
Asoleo 
Sombreado Мена 
Irradiación solar 13] zado Asol, desde 08'5 
lluminación hasta 15% =7"/ horas 
lateral 
lluminación 
cenital 
Criterios de 
calidad 
Redirección de 
luz natural 
Apantallamiento 
- 37,1% altura del Sol 
DIN 5034 
Planta 
Asoleada ме 
ánni: a 37,1* altura del So! las 08" hasta las 
Técnicas de la «Бота 
construcción / \ A 
+ . ` 
Para determinar el asoleo o las sombras en un edificio a una determinada hora y día del año Solstici invi ara noreste apenas 
(4) (por ejemplo, a las 11 h de los equinoccios), se anota el acimut en la esquina de la planta del (7) жогы pa өто, чэ. а поетеси 


edificio que determina el límite de la sombra, sobre la que se traslada (en proyección ortogonal) 
la altura del sol (rayo real de luz). El segmento x, obtenido perpendicularmente al límite de la 
sombra en planta, una vez trasladado al alzado, se define en el alzado —en unión con el canto 
supero de ta sombra en el edificio— el límite de (а zona en sombra 


empieza a estar en sombra poco después 
de las 15 horas 
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Gi 


ozono NE 


Órbita solar en el solsticio de invierno = 1, en los equinoccios de primavera y 
otoño = E y en el solsticio de verano = V en relación con un edificio o un 
observador situado en nuestra geografía (51,5° latitud) 


horas 45 min de sol 
horas 45 min de зо! 
horas 45 min de sol 


Las ventanas situadas al este o al oeste reciben 
en los equinoccios de otoño y de primavera rayos 
horizontales que van ascendiendo hasta el solsticio 
de verano 


© Sección de @ 


1 3 horas 42 min de sol “ү 
E 6 horas 30 min de зо! SA 
V В horas 15 min de sol ¿A 


SE y SO 


.. \ x, 


\ ` ~ 
Las ventanas orientadas al SE o al SO son 
convenientemente asoleadas tanto durante el 
invierno como en verano por la radiación plana, 


Sección de @ 
que entra en profundidad © 


Aa 


Norte 


Bloque N-S, ambos lados soleados, 
ninguna ventana al N y tampoco 
ventanas al S, por eso, en meses de 
noviembre, diciembre y enero no hay 
sol en ninguna habitación 


Solsticio N. 


de nA A 
ds у 
+ 


Lado sur, sol y calor penetran 
durante el inviemo hasta las zonas 
más profundas del interior. 

En verano ventanas y paredes 
frenan la entrada de sol y calor 


O 


- / 


Bloque Е-О, orientación óptima para 
edificio con apartamentos pequeños, 
de 1 02 habitaciones. S: sala de estar 
y dormitorio (puede atravesar hasta 

el lado norte), N: escalera, baño, 
trastero, cocina, etc. 


Lado este, la radiación horizontal 
del sol en el este permite la 
disposición de amplias terrazas 
sin que estas interfieran en la 
incidencia de los rayos al interior 
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En el valor útil de un edificio es fundamental su correcta orientación al 
sol y la de sus ventanas, bien para aprovechar sus efectos beneficiosos 
о proteger el interior del calor molesto. En general, se intenta que el sol 
incida en todas las estancias, tanto en otoño como en invierno, durante 
las primeras horas del día. Sin embargo, la incidencia del sol durante el 
mediodía y la tarde entre junio y agosto es desfavorable. Estas necesi- 
dades pueden cubrirse con la correcta ubicación del edificio —> 0-0 
y el empleo de medidas constructivas oportunas — @- O. La forma 
del intradós de las ventanas y de sus perfiles de la carpintería no debe 
influir demasiado en la entrada del sol. Las ventanas altas permiten que 
los rayos del sol lleguen hasta las zonas más profundas del interior 
=» Iluminación lateral, págs. 504-505. 


eso SyN 1 7 horas de sol 
verano a la: E 12 horas de sol 

И V 12 horas de sol 
15:00 en 


sombra 


>. 


= NS a 
Las ventanas orientadas al norte reciben poco sol 
en verano, durante el periodo cercano al solsticio. En las 
ventanas orientadas al sur incide una radiación plana 
en inviemo y vertical en verano: adecuadas en aquellas 
estancias que han de estar soleadas tanto en invierno 


сото en verano | 

1 - horas 15 min de sol 
E 3 horas 27 mín de sol 
У 6 horas 25 min de sol 
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Las ventanas orientadas al NE o al NO no reciben 
sol durante el invierno, pero ип asoleo muy eficaz en 
primavera y otoño, En verano el sol incide sobre ellas 


© Sección de @ 
de forma horizontal 


Ф 


Norte 


Bloque NO-SE, indicado para 
pisos de gran tamaño. 

NO: dormitorios y cuartos 

de servicio. SO: la zona de estar 
y dormitorios de los niños 


Bloque NE-SO, orientación óptima 

para pisos de dos o tres dormitorios. 
SE: salón y dormitorios. NO: cuartos 
de servicio 


Vallas o antepechos con esta forma 
permiten mayor paso de la radiación 
solar —» (8); transmiten el resto 

de la radiación — (Б); protegen 
visualmente y del viento > 


Ф 
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Plano de 
situación 


EPa 
ERTES 


120° 105% 90° &5° 


Desviación det eje ventral desde 0" 7 
PANORÁMICA. 


Cúpula celeste h = 3 cm 
(transparente) 


Hojas intercambiables con 
gráficos circulares para 
asoleo, calor, luz, radiación... 


Base 2 14 cm 
con brújula 


PLANTA ESQUEMÁTICA 


4] Honzontescopio con una ventana en proyección (fachada oeste) 
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ILUMINACIÓN NATURAL 
SOMBREADO 


Posición del sol, sombras, medios auxiliares 

Para calcular y comprobar la radiación solar real y las sombras 
arrojadas, tanto en el exterior como en el interior de un edificio, en 
función de la situación geográfica, de la hora y el día, de las carac- 
terísticas constructivas y del entorno circundante, existen los si- 
guientes métodos: 


Construcción gráfica de las sombras 

Las sombras arrojadas por un edificio se pueden determinar, en 
planta y alzado, con ayuda de la proyección de la órbita aparente 
del sol — pág. 498 Ө + Ө. Por ejemplo, іаѕ sombras deben dibu- 
jarse en un patio situado en Kassel, 51? LN, el día 21 de marzo a 
las 16:00 horas. En ese momento el acimut (Qs) es de 245° y el 
ángulo de elevación (Ys) de 20? > pág. 498 Ө. El plano de situa- 
ción se orienta al Norte. La dirección de las sombras queda fijada 
por las aristas horizontales del edificio, es decir, mediante un des- 
plazamiento paralelo a la dirección aparente del sol (Œ, = 245% а 
lo largo de las esquinas del edificio; la longitud de las sombras por 
las esquinas verticales del edificio, es decir, abatiendo la altura real 
del edificio (h) según el ángulo de elevación del sol (209). El punto 
de intersección con la dirección fija la longitud de la sombra. 


Máscara panorámica 

Se ha dibujado la trayectoria aparente del sol (DIN A4), рага el 
norte, centro y sur de Alemania mirando hacia el Sur, con datos 
sobre el acimut y la elevación en función de la hora y el día. Las 
máscaras panorámicas a copiar sobre papel transparente, se orien- 
tan, en función del lugar a investigar, hacia la dirección por donde 
entraría el sol -> Ө. Mirando por la máscara panorámica se puede 
trasladar cualquier influencia del entorno al papel, en el cual se ha 
copiado la trayectoria aparente del Sol a escala 1:1 -> Ө. Después 
puede utilizarse el papel transparente para analizar las posibles 
sombras y el asoleo de las fachadas en la sección del edificio a 
escala real. 


Horizontescopio 

Es un medio auxiliar para averiguar a pie de obra las sombras y el 
asoleo verdadero en un edificio, Se compone de una cúpula celes- 
te transparente, una brújula, una base y las hojas intercambiables 
con los gráficos circulares, que pueden utilizarse según se trate de 
averiguar la iluminación, la irradiación o las sombras. 

El principio del horizontescopio consiste en reconstruir las 
condiciones existentes de luz y sombras en el espacio > Ө. En un 
determinado punto del espacio se podrá conocer, mediante la 
proyección simultánea de la ventana en la cúpula celeste y en el 
gráfico circular situado debajo, la verdadera abertura de la luz que 
llega al interior. De esta manera, se puede averiguar, en cada punto 
del espacio у en función de la orientación del edificio, las condiciones 
de iluminación para cualquier hora de cualquier día del año — @. 


Simulación tridimensional 

Para averiguar el asoleo y las sombras exactas a lo largo del año 
se recomienda examinar una maqueta a escala bajo un sol artificial 
(luz paralela), o mediante sistemas de simulación por ordenador. 
La maqueta proporciona impresiones inmediatas, una mejor visión 
del espacio y la luminosidad esperada. Ya que la luz paralela se 
simula con ayuda de un espejo de 60-100 cm de tamaño, la ma- 
queta no puede superar esta medida. Con renders por ordenador 
pueden obtenerse los cocientes luminosos exactos, las intensida- 
des luminosas y los transcursos de luminancia, pero, en la mayoría 
de los casos, adolecen de una explicación de la sensación lumino- 
sa y su efecto en el espacio. 


Asoleo global medio en kWh/m2 
de abril a septiembre (1976-1989) 


900 850 800 750 700 650 


(1) Mapa de asoleo para Alemania en verano 


4,7 4,75 4,8 4,85 4,9 4,95 5 5,05 5,1 kWh/(m*d) 


mayor ciar. 
Horizonte 
Intens. ra- [600-800 | 200-400 
фас. (Үүт) 
marone | солоду. 5.000- 
dumin. (кою | 100.000 | 40.000 20.000 
Proporción 80- 
de luz difusa 100% 
Diferentes intensidades de 
radiación y características 


variables de la luz natural, según 
las condiciones atmosféricas 


14) Intensidad de la radiación solar 


ILUMINACIÓN NATURAL 
IRRADIACIÓN SOLAR 


Condiciones meteorológicas 

La radiación de calor y la intensidad de la luz diurna en la superficie 
de la tierra, a lo largo del año, depende de la latitud geográfica, el 
tiempo y el estado del cielo (despejado, cubierto, parcialmente 
cubierto, etc.) > Ө. 

Sobre la duración de la luz diurna es importante saber que: 

El año tiene 8.760 horas. La “claridad diurna” acumulada a lo largo 
de todo el año es de aproximadamente 4.300 horas. El número de 
horas que luce el sol en Alemania oscila entre 1.300 y 1.900 al año 
> Ф de las que al menos 3/4 corresponden a los seis meses de 
verano y primavera. 

Durante la mayor parte del año, es decir, 2/3 de las horas de luz 
diurna, llega más o menos luz solar difusa a la tierra en función de 
las condiciones atmosféricas del lugar. 


Radiación global: 

Así pues, la radiación solar (radiación global) que llega directa o in- 
directamente a la superficie de la tierra produce climas distintos en 
los diferentes lugares —> Ф. La radiación global produce simultánea- 
mente luz y calor. Debido a ello, la radiación solar, con una longitud 
de onda corta, se transforma en la superficie terrestre en una radia- 
ción térmica con una longitud de onda larga: el efecto invernadero. 
Este calor debe ser usado de forma activa y pasiva en la arquitectu- 
ra, al igual que la luz natural producida simultáneamente. 

Por lo tanto, para poder obtener una situación óptima de la luz 
natural dentro del edificio es preciso realizar un análisis específico 
de las condiciones luminosas y térmicas del lugar donde vaya a 
erigirse, р. ej., en Westfalia > Ө, — Atlas Solar para Westfalia. 


Conceptos físicos de la radiación 

La radiación solar es una “fuente de calor muy variable”. Solo una 
pequeña parte de la energía solar se transforma en energía calorí- 
fica en la superficie terrestre, ya que la atmósfera debilita la inten- 
sidad de la radiación solar de forma irregular, 

La debilitación se debe a diferentes factores, entre ellos: difusión, 
reflexión y absorción de la radiación a causa de la existencia de 
partículas de polvo (origen principal de la luz natural difusa) y tam- 
bién debido al contenido en vapor de agua, anhídrido carbónico y 
ozono del aire -> Ө. 

Distribución de la energía total en la superficie de la Tierra: aproxi- 
madamente 6 % de radiación ultravioleta con una longitud de onda 
entre 0,2 y 0,38 mm, aprox. 50 % de radiación visible con una 
longitud de onda entre 0,38 y 0,78 ¡um (el máximo en el espectro 
visible corresponde a una longitud de onda de 0,5 mm), aprox. 53 % 
de radiación infrarroja con una longitud de onda entre 0,78 y 3 шт. 
La gráfica > Ө reproduce la radiación solar que llega a la tierra; es 
la constante solar, que en Alemania es de unos 1.300 W/m?, en una 
superficie irradiada verticalmente. 


Intensidad luminosa y de la radiación 

El rendimiento de la radiación disminuye en unos 200 W/m? cuan- 
do la densidad de población es elevada; y entre 50 y 200 W/m? en 
el caso de que solo exista radiación difusa (cielo completamente 
cubierto), compárese con — Ө. Estas particularidades afectan de 
manera análoga a la claridad de la luz natural en lux > Ө. 
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178. 20 
wim? Kx 
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16 
P 
23) 14; 
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4 
25 
| 2 
0 o 9 54 27 2% У 3 b 
Ene. Feb. Mar Аш. Mayo Jun. Jul. Ago. Sep. Ос. Nov. Dic. 
Intensidad de iluminación horizontal E,, con cielo cubierto, en una latitud Norte 
de 51°, en función de la hora del día y la estación del año, E, = Intensidad de 


radiación horizontal 
А4 


Lugar de trabajo desfavorable 


Distribución de la luz natural О % 
con dos ventanas laterales 
(representación en planta) 


Cociente de iluminación natural 
D % con niveles de referencia 
(representación en sección) 


Fórmula 
Dip = AF, тхо» 
AR (1-0. 
Ак= Superficie de la ventana en m? 


= Todas las superficies que 
configuran el espacio en m2 
tpa Grado transmisión ventanas 
Angulo incidencia de luz natural 
Grado reflexión medio 
de superficies que configuran 
el espacio 


d Om (0,5) = Superficies claras 


Cociente medio de iluminación 
lateral Dm. Factores de influencia 


Oml 0,2 )= Superficies oscuras 


УХУХХХХХХХХХХАХ\МАХМА? Г 


Y 


Angulo міѕиаі а = 0° 
15° 
30* 
45° 


La anchura mínima porcentual еп obra de las ventanas en las habitaciones de 
estancia no debe ser menor que el 65 % de la anchura del cuarto. En espacios 
profundos y con gran áhgulo visual construido, puede suceder incluso que una 
ventana con una anchura del 100 % no sea suficiente 


M insuficiente 
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ILUMINACIÓN NATURAL 
ILUMINACIÓN LATERAL 


Luz natural (LN) en espacios interiores con iluminación lateral 

Para valorar la luz diurna dentro de un espacio interior pueden emplear- 

se las siguientes medidas y criterios de calidad: intensidad lumínica y 

claridad; reflexión; uniformidad; cociente de iluminación natural mínimo 

y máximo Dmin/Dmáx.; reproducción cromática; deslumbramientos; con- 

tornos espaciales; sombras; visibilidad. 

Fundamentos 

Bases: para valorar la luz natural en espacios interiores se emplea siem- 

pre como referencia la intensidad de iluminación del cielo cubierto (es 

decir ta radiación difusa). La luz natural que entra en un espacio interior 

por una ventana, se expresa mediante el cociente de iluminación natural 

D (daylight-facton, Este cociente relaciona la intensidad de iluminación 

en el espacio interior (Ei) con la intensidad de iluminación existente si- 

multáneamente en el exterior (Ea), D = Ei : Ea х 100 %, La luz natural 

existente en un espacio interior se expresa siempre en tanto por ciento. 

P. ej., si la intensidad de iluminación en el exterior es de 5.000 lux yen 

el interior de 500 lux, entonces D = 10 %. El cociente de iluminación 

natural siempre es constante, La intensidad de iluminación en el interior 

solo varía en relación con la intensidad de iluminación existente, al 

mismo tiempo, en el exterior que, a su vez, cuando el cielo está cubier- 

to, varía según la hora del día y la estación del año. Oscila aprox. entre 

5.000 lux en invierno y 20.000 lux en verano — @. 

Distribución de la luz natural en espacios interiores 

El cociente de iluminación natural en el punto (P) depende de varios 

factores de influencia: D = (DC + DV + DR) x t x к, x kz x k > Ө. 

Siendo: 

1. DC: luz reflejada por el cielo 

2. DV: luz reflejada por los edificios circundantes 

3. DR: luz reflejada por las superficies interiores 

4. t: transmisión lumínica del acristalamiento 

5. k,: sombras originadas por el tipo de hueco 

6. Кг: sombras originadas por el tipo de carpintería 

7. Кз: ángulo de incidencia de la luz del sol 

8. Posición y tamaño de las ventanas — Ө. 

En la norma DIN 5034, se fija la zona de referencia para medir la inten- 

sidad de iluminación de la luz natural, en un espacio interior — Ө. 

Está situada a una altura de 0,85 m desde el canto superior del pavi- 

mento. La separación de los planos que delimitan el espacio es de 1 т. 

En este plano de referencia se fijan los puntos más característicos (EP) 

de la intensidad de iluminación horizontal. Así, los correspondientes 

cocientes de luz natural (a calcular) se pueden representar a lo largo de 

una curva > @ + Ө, que, en sección, da información sobre la intensidad 

de iluminación en el plano de referencia (en Jos puntos elegidos); con 

ello también queda fijado el Dina, у е! Din, (véase también la uniformidad), 

La curva de cocientes de luz natural indica, además, la distribución de 

la luz natural en el interior. 

Cocientes obligatorios de iluminación natural О %: 

Las prescripciones descritas a continuación se han extraído de la norma 

DIN 5034 “Luz natural en espacios interiores” y ASR 7.1 “Directrices 

sobre los lugares de trabajo”. En ésta última no se define exactamente 

la distribución de la luz natural, mientras que en la norma DIN propor- 

ciona datos precisos sobre la distribución de la luz natural en el interior 

de viviendas y oficinas: 

~ Оль, 2 1 % en las habitaciones de una vivienda: punto de referencia: 
el centro de la estancia. Ventanas en oficinas: punto de referencia: el 
lugar más profundo del espacio 

~ Dmi. 2 2 % en oficinas con acristalamiento en dos lados 

= О = Uniformidad: Din /Dmáx, 2 1:6 luz lateral р 

= Dm = Cociente medio de iluminación natural. Aporta información sobre 
el nivel medio de iluminación LN en un espacio -> Ө. 

Perspectivas y relaciones visuales: 

Todos los contactos visuales desde el interior hacia el exterior son de 

vital importancia. La norma indica a este respecto en una tabla la an- 

chura máxima de los huecos dependiendo de la profundidad de un 

espacio, así como la anchura de іа estancia y el ángulo visual construi- 

do; de este modo la anchura de la ventana ha de ser > 65 % de la an- 

chura de la habitación > Ө — DIN 5034. 


ILUMINACIÓN NATURAL 
ILUMINACIÓN LATERAL 
Objetivos: — Ө - Ө. 
- Evitar deslumbramientos directos o indirectos 
- Obtener niveles de sombra diferenciados 
- Conseguir un contro! óptimo de la iluminación natural 
- Permitir la visión del exterior en todas las estaciones 
- Lograr un nivel de luz equilibrado para día y noche 


Y — Agregar una iluminación complementaria diurna con color 
NON À і 
МАЦ parecido al de la luz natural 
- Reducir el empleo de la iluminación artificial 
Control de la luz natural y artificial: 1 Distribución de la luz natural О %, ~ Obtener una superficie exterior mate y clara con tonos pastel 
Ф 2 Iluminación artificial complementaria diurna, 3 Protección contra 


a li Luz lateral: exigencias, objetivos, huecos: 
- DIN 5034 
~ ASR 87.1 
М ш, | | l р ~ Normativa europea para puestos de trabajo con ordenador (ver 
[A ку Аат A también el listado de la Technische Universitát Darmstadt) 
ч. ЧЫ] ша visual 
£ 


Cielo artificial 


А Ep Papel анге - Directrices regionales alemanas para la edificación 


y E | En particular 
~ Dmn. 2 2 % 
-G21:6 
- Tamaños estimados de ventanas para espacios con profundidad 
de aprox.: 
А.А. < 8 т aprox. 16-20 % 
Papel de aluminio Maqueta de una mesa” Control visual < 8-11 т aprox. 25 % 
(2) Experimentación de la luz natural sobre una maqueta en el exterior < 11-14 m aprox. 30 % 
о con cielo artificial 


> < 14 т aprox. 35 % de la superficie en planta del espacio 


Cielo cubierto 


Orientación de la ventana: 


a) sol directo, cielo claro, 
intensidad luminosa uniforme 

b) cielo cubierto 

С) cielo claro sin sol directo 


е Nivel де iluminación natural existente en un espacio dependiendo 14) Distribución de la luz natural en el interior, en función de la posición 
del estado del cielo de Іа ventana 


Sin alero 


0,25:1=d: h 
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[57 Distribución de la luz natural en una estancia en función de los distintos 16) Distribución de la luz natural en una estancia en función de la altura a 
voladizos situados sobre la ventana (con cielo. cubierto): del antepecho de calidad 


Redirección 
de luz natural 
Apantallamiento 


A в с D 


A зїп герїзаз 
reflectoras 
B+1:1=d:h 


Ventanas opcionales 


DIN 5034 
en plantas 1-5 


Técnicas de la 


construcción 


A Sección transversal 
(7) Distribución de la luz natural en una estancia con diferentes repisas Variación dela incidencia de luz natural del patio cubierto con 
reflectoras entre іаѕ plantas 1 y 8 de un patio — @ un lucernario 
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Espacio con acristalamiento vertical y cenital, 
11) en función de la distribución de la intensidad 
de iluminación cenital 


El mismo espacio con 
una altura de 12 a 15 m 


Espacio de forma 
cúbica de 3 m de altura 
y con un lucernario 


Өө Sección de un espacio con iluminación 
cenital 


Recom 
dación 


Relación 


mas 


Aceptable 
Crítico 


А evitar 


Separación entre lucemarios, altura del espacio interior y uniformidad de 
ө iluminación a conseguir, teniendo en cuenta el diseño de los correspondientes 
lucernarios en la cubierta (factor к.) 


Cantidad de TQ 
ILUMINACIÓN 
NATURAL 
Fundamentos 
físicos 
Altitud solar 
Asoleo 
Sombreado F 
Irradiación solar ga 
Iluminación шуу 
lateral r a з 
Iluminación Comparación entre la distribución Factor de reducción ky 
cenital y la cantidad de luz natural en en función de la inclinación y 
Criterios de (5) ventanas y lucemarios, con cuatro del acristalamiento en cubiertas 
calidad А pendientes diferentes de abertura В en diente de sierra 
Redirección de 
luz natural 
Apantallamiento 
‚‚ DIN 5034 
—— h=0 1. Para un lucernario horizontal 
sin caja h = О (—) 
ы» ---- h=a 2. Рага un lucernario con caj: 
Técnicas de la һ=а(---) 5 
construcción | 1 2 з х4 |р ——- һ = 2а 3. Para un lucernario con caja 
` һ=2а(—--) 


16) Regularidad de la iluminación dependiendo de la altura del hueco 
del lucernario р 
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ILUMINACIÓN NATURAL 
ILUMINACIÓN CENITAL 


Luz natural en espacios interiores por medio de lucernarios 
Fundamentos básicos: 

La iluminación de espacios interiores con luz natural cenital se basa 
en los mismos principios que la de aquellos espacios donde la luz 
incide a través de ventanas laterales, es decir, en la iluminación na- 
tural con cielo cubierto. La uniformidad conseguida con la luz lateral 
es relativamente mala, mientras que con los lucernarios ocurre lo 
contrario. La calidad de la luz natural cenital depende de los siguien- 
tes factores: densidad de la iluminación cenital, proporciones del 
espacio interior, reflexión producida en el mismo, forma del lucerna- 
rio y determinados coeficientes de reducción. En la figura >  @ se 
muestra una mesa de trabajo situada a la misma distancia de un 
lucernario y de una ventana. Para conseguir con ambos elementos 
una intensidad luminosa idéntica en el plano de referencia situado a 
0,85 m por encima del nivel del suelo, el acristalamiento vertical ha 
de ser 5,5 veces mayor que el hueco practicado en el techo. 
Justificación: la luz cenital es más clara y su intensidad lumínica es 
tres veces mayor que la existente en el horizonte. Es decir, el 100 % 
de la luz del cielo incide en el lucernario, mientras que en las venta- 
nas tan solo lo hace el 33,3 %. La iluminación de un espacio “desde 
arriba” depende de las proporciones interiores, por tanto, de la lon- 
gitud, anchura y altura. Es preciso evitar que el espacio produzca la 
impresión de una caverna — Ө. 

Cocientes mínimos de luz natural necesarios 

Para garantizar una adecuada iluminación es preciso considerar, 
entre otros, los siguientes factores: 

Оа 4D máx. 2 0,5, Din. 2 2 %, en oficinas > 4 %; 

Uniformidad U > 1: 2, superficie del hueco > 16-22 % de la superfi- 
cie en planta > Ө. 

Lucernarios 

Una iluminación cenital ideal depende de los siguientes factores 
compositivos: altura del espacio y disposición de los huecos (factor 
ka}. Cuando la separación de los lucernarios (L) se corresponde con 
la altura del espacio (h) —es decir, cuando ambas distancias están 
en la relación 1:1 — se consigue una uniformidad luminosa ideal. En 
la práctica, es válida la regla siguiente: la relación entre la separación 
de los lucernarios y la altura del espacio deberá oscilar entre 1:1,5 
y1:2>0. 

Esta tabla muestra la correspondencia entre las diferentes relaciones 
y los efectos producidos. También incorpora una recomendación a 
tener en cuenta al diseñar lucermarios. ¡Atención con el acristalamien- 
to integral de los techos! 2 

Tipos de lucernarios y sistemas constructivos 

La pendiente de los huecos de los lucernarios determina el porcen- 
taje lumínico de la cúpula celeste recortada. En > Ө se compara la 
cantidad de luz incidente en una ventana vertical con fa cantidad de 
luz que fluye al interior a través de un lucernario, en función de su 
inclinación. Con una abertura horizontal se consigue captar la máxi- 
ma cantidad posible de luz. En cambio, en una ventana vertical se 
alcanza la máxima intensidad luminosa tan solo en las inmediaciones 
de la misma. En un lucernario cuyo acristalamiento sea vertical, la 
menor intensidad luminosa se alcanza en el plano de referencia. Por 
consiguiente, es preciso considerar un factor de reducción (ky) para 
calcular la luz incidente en función de la inclinación del acristalamien- 
to. En > Ө В) se facilitan los valores del factor de reducción ky para 
lucernarios de cubiertas en diente de sierra según varíe su inclinación. 
La radiación difusa incidente en el lucernario, antes de que éste 
suministre la luz al espacio interior, también se ve afectada por la 
profundidad de la caja del lucernario. En > @ se indica la diferente 
incidencia de luz al variar las proporciones de la caja situada por 
debajo de la cara superior del lucernario. Consecuentemente debe 
evitarse la construcción de cajas excesivamente profundas y masivas, 
mientras que es recomendable resolver los lucernarios con estruc- 
turas ligeras y reflectantes. 


Claridad de los Materiales sin Revestimiento de suelo, | . І LU M INACIÓN NATU RAL 


colores tratamiento de color láminas o planchas _ 


CRITERIOS DE CALIDAD 
0.1305 intensidad de iluminación, grado de reflexión, reproducción 
015-025 | de colores y deslumbramiento 
Lad. rojo {0,15-0,3 0,25-0,4 
Azul B . 


La acción conjunta de estas características de la luz natural influye 
en gran medida en el grado de claridad de un espacio interior. Para 
Nota: ¡10 % es excesivo E realizar determinadas tareas visuales se necesita una cierta intensi- 
й н } dad de luz natural > @, por lo cual se ha de coordinar la elección 
дыы de los grados de reflexión de las superficies que delimitan un espa- 
cio con los requisitos necesarios para efectuar las correspondientes 
tareas visuales. La distribución de la claridad en el espacio depende 
directamente del grado de reflexión de las superficies y de la dispo- 
sición de las ventanas en la fachada > Ө y — pág. 505 Ө. 

La uniformidad (О) de la luz natural еп el interior debe ser en el caso 
de la iluminación lateral U > Dmin/Dmax. 1:6, — Ө, y en el caso de la 
cenital U > Dmin/Dmax. 1:2 > Ө. La uniformidad es mayor cuando 
hay claraboyas, ya que la densidad de iluminación cenital es 3 ve- 
ces mayor que la densidad en el horizonte. 


Intensidad de Grado reflexión (materiales con su color natural 
iluminación D % — pág. 515) 


Se puede modificar la uniformidad con las siguientes medidas: 
- grado de reflexión (muy alto) 

- dirigir la luz con lentes 

- distribución de las ventanas. 


Ө Distribución de la luz lateral 14) ` Distribución de la luz cenital Deslumbramiento 
O El deslumbramiento se debe a la reflexión directa e indirecta de las 
* Iluminación complementaria М ri ; 
a la luz natural superficies y también a contrastes desfavorables en la densidad de 
O Curva D % iluminación. 
"~O ltuminación complementaria 


МЛ райга! Medidas para evitar el deslumbramiento: 


— protectores solares en el exterior 

- protectores contra el deslumbramiento en el interior o en el exterior, 
junto a los protectores solares 

- superficies mates 

- Correcta situación de la iluminación complementaria. 


Sombras 
Las sombras son deseables, hasta un cierto grado, para poder 
diferenciar objetos en el espacio (~> Ө, esquema). 


Para lograr que unas sombras produzcan un efecto más bien plás- 
tico, se pueden tomar las siguientes medidas: 

— protectores solares 

- protectores contra el deslumbramiento (también en la cara norte) 
- distribución equilibrada de la luz natural i 


- evitar el deslumbramiento directo ILUMINACIÓN 
- fachada de varias capas, por ejemplo, escalonada. NATURAL 
Fundamentos 
Medidas para una matización adecuada de la luz cenital: fisicos 
- (> 0 esquema) filtrar la luz incidente en el canto inferior del АЧ solar 
hueco, con materiales translúcidos, rejillas, o similares, Sombreado 
Р N de қ irradiación solar 
- iluminación complementaria a la luz natural, iluminación 
- superficies claras y mates en combinación con colores diferen- e ds 
LL, ciados (por ejemplo, estructura portante). cenital 
0 10- _————————————— | Criterios 
В р | Resumen: Criterios TL - Luz lateral da saldan 
0,6 0,4 Para conseguir una identidad espacial, es importante aplicar los e e а 
AAA, criterios citados para la luz natural. La distribución de la luz natural 
-10 10 - ;—— 1 en el espacio interior y, al mismo tiempo, la posibilidad de tener DIN 5034 
Е A a VES. vistas al exterior, dependen sobre todo del diseño de la fachada, es 
0,35 025 AA decir, de la transición entre interior y exterior. Una transición gra- 
AAA AS duada, formada por varias capas, y al mismo tiempo transparente, en 
10 E ARS del interior al exterior puede satisfacer los diferentes requisitos еп ШЕЕ 
$ КУ б баалана cuanto a luz natural, durante las cuatro estaciones del año. construcción 
0,6 0.2 


Influencia de los huecos de iluminación (en un espacio de dimensiones idénticas, 
К, = superficie acristalada/superficie del espacio interior = 1:6), en fa distribución 

(7) de los cocientes de luz naturai. Además se ha indicado el Din, = 5 % valor 
necesario de к; 
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P REDIRECCIÓN DE LUZ 
š NATURAL 
Оо. 
= в 5 4 
Sistemas de orientación 
ей de luz natural y sistemas de 
HA protección solar 
А Orientación de la luz en la fachada B Orientación de la luz en la cubierta Reflexión selectiva de la radiación solar 
mediante superficies reflectantes para para iluminar estancias, por ejemplo, a través de vidrios recubiertos. Objetivos 
iluminar espacios profundos en patios, museos, gimnasios... Parte de la radiación indeseada se refleja J А 
- Proporcionar un control de іа 
©) Frincipios para dirigir a luz luz en todas las estaciones 
del año 
=> Evitar deslumbramientos 
- Aumentar rendimiento lumi- 
noso 
- Iluminar espacios profundos 
~ Conseguir un ambiente más 
Cúpula de vidrio (2) E: Prot. solar claro 
— Desviación - Desviación © Р A a A О, т ы R | ¡A 
~ Superficie reflectante curva ~ Tubos o fibra de vidrio altamente ar О лан Faltas ы ~ Reducir generación de calor 
colocada en voladizo en el reflectantes (р. ej., marca Schott) ааыа: - Aprovechar elementos pasi- 
travesaño de la ventana cal 2 е 
indirecta por reflexión vos para reducir empleo de 
(2) Reflector horizontal (3) Tubo de luz 14) Espejos luz artificial. 


Sistemas de orientación 

de luz natural: 

1. Reflexión de la radiación solar 
no deseada utilizando revesti- 
mientos especiales (vidrios com- 
binados). Mediante diferentes 
tipos de recubrimiento y de cons- 
trucción de los cristales se pue- 
de fijar el grado de permeabilidad 
tuminosa (valor 9), la transmisión 
luminosa (valor LT), el grado de 
reflexión (efecto espejo) y la re- 

н Р . А producción cromática. 

Reflexión de la luz con repisas Prismas: гейејап o transmiten pe ык ч. т 
reflectoras la luz dependiendo de la estación 2. Filtración de la radiación solar 
directa y el aprovechamiento de 
fa luz cenital difusa. Preferente- 
mente son sistemas fijos, que 
reflejan la luz en el ángulo de la 
radiación directa. En la ventana 
o en la construcción acristalada 
se incorporan de forma fija espe- 
jos, prismas u otros elementos 
orientadores de la luz natural. Se 


(O) Superficies claras o espejadas 

© Reflector claro o espejado 

Ф Protección frente deslumbramientos 
@ Techos claros y brillantes 


(5) Acristalamiento 
O) Prisma de vidrio 
© Espejo 

O Aislamiento 

(8) Prisma de vidrio 
Acristalamiento 
@) Techo reflectante 


NN: 


Verano Invierno 


ILUMINACIÓN eligen en función de la ubicación 
NATURAL respecto al sol. 

Pr ИС : 3. Direccionamiento y difusión 
Altitud solar А Luz reflejada al exterior P. Cuz dirigida si; funcioni deila posición Persiana: entre vidrio aislante con. dela luz solar directa (en general, 
ed 2. І AN distintos оше кав рага ве refleja hacia el falso techo para 

irradiación solar (7) Perfiles de espejo: situados entre las hojas de un vidrio aislante Ө de ap а ЕН, ЭЕ Ц así evitar deslumbramientos). En 

debeis el falso techo en la parte superior este caso son necesarios siste- 

lurinación mas móviles, ya que deben ser 

Criterios de 000 oo 000 regulados según el ángulo de 
aa a = radiación solar actual. 

luz natural O) Vidrio flotado O: 4. Acumulación y distribución 

de la luz solar directa. Heliostatos 


Apantallamiento 


O Perfil de vidrio O Vidrio flotado 


ШҮ 


ППППППЇ! 


DIN 5034 o acrílico Ф Vidrio acumulan la luz solar y la direc- 
Убава también: 30° => z PQ) Sistema capilar Сі di espejos a 
Vidrio, págs. 116 © Vidrio obtenido 15-60° O Plexiglás E O р! ашлап рок газ 19 de еѕреј К 
у 109 por colada transparente == O) Vidrio obtenido UN lugar determinado. La preci- 
com nna con багаа == por colada sión necesaria de estos sistemas 
> К estructura о aminado E=>3 | эё ИЯ » a 
Técnicas de la | transparente Ф recortado Е с ои Шш condiciona una fabricación y 
construcción ш, @ con láser mantenimiento complejos. En 
Dirigen tanto la luz directa -Reflexión de la luz : - Orientación de la luz este sentido, deben tenerse en 
сото la difusa -Recorte láser: elemento - Alta transmisión de luz cuenta especialmente las tole- 
Tener en cuenta que reducen recortado situado en la cámara - Fulguración , И 
la transparencia de aire de un vidrio aislante rancias de la obra construida 
respecto de los planos. 
© Vidrios con control solar (10) Recorte láser Ф Aislamiento térmico translúcido P р 
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APANTALLAMIENTO 


Sistemas adicionales 
de orientación de luz y de 
protección solar 


A Protección solar natural B Fachada - Entrada lateral de luz С Cubierta - Entrada superior de luz Objetivos 
Protección solar exterior en verano (Э) Sol invernal dentro del espacio 5 ГҮ 
А Protección contra @) Distribución de la luz natural . — Evitar las grandes radiaciones 
Ф Fundamentos de la protección solar deslumbramientos, interior © Ev., techo dispersor de la luz y diferencias luminosas (des- 
lumbramiento) mediante ven- 
Angulo solar а! y ánguio de sombra а ) ps en 
para una pared orientada al sur en una tanas o fachadas vidriadas. 
latitud 50° М. - Regulación individual según 
(Fráncfort — Schweinfurt) g ” 9 
21 de junio (solsticio de verano) а el usuario. 
mediodía а! = 63°, a = 27°; 1 de mayo -. Facilitar el control individual 
y 31 de julio, a mediodía с! = 50°, а "ЭР 
= 40°; 21 de marzo у 21 de septiembre de la ventilación, 
еа тоор), a mediodía a! = 40°, Protección solar natural 
а = * ; 
А] En general, voladizo А = tg del ángulo Los árboles de hoja caduca 
К de sombra а - altura de la ventana Н; ofrecen una protección solar 
Espesor del muro: D. pero, voladizo mínimo A = (tg ángulo р й 
Н de sombra o: altura de la ventana Н), natural en verano, mientras que 
ч rosor del muro О. en invierno dejan pasar la luz 
12) Disposición de protecciones frente Disposición de protecciones frente g a | У р à y 
al sol, en varios niveles al sol, en un nivel el calor hacia el interior. 
Sistemas 


La elección del sistema depen- 
de principalmente de la orien- 
tación de las ventanas que hay 
que proteger. El lado norte 
cuenta con sol directo solo en 
junio y julio por la mañana y por 
la tarde; en este caso, es sufi- 
ciente con sistemas simples 

1 59 E interiores. En orientaciones este 
Persianas Lamas Lamas Brise-soleil y oeste, los sistemas móviles 


Persiana abatible Persianas exteriores Móviles, graduables; Celosías verticales : 
(puede tener rendijas); graduables, aptas para Diferentes superficies; móviles, aptas para deben proteger del sol, que in- 
Contraventanas todas las orientaciones También Solair, todas las orientaciones, cide muy horizontal y profundo. 
correderas; fijas vertical; sin problemas de 


Las ventanas a sur necesitan 
protección ante todo en prima- 
vera y en otoño, cuando el so! 
es más bajo. En temporada alta 
de verano son suficientes pe- 
queños aleros para evitar el 
paso de la radiación solar. 

Los elementos de protección 
solar exteriores y cerrados (tol- 
dos, persianas) deben contem- 
plar la salida del calor generado 
detrás del elemento, Estos sis- ILUMINACIÓN 


retención de calor 


O toldo horizontal Toldo punto racto Toldo punto recto (Ту Toldo punto recto temas no son los más adecua- NATURAL 
в eitección:sol Buena protección solar, Menos graduable, Toldos no regulables, Ў = a 
шапа protección solar mejor estabilidad contra da la posibilidad de deben tener en lo dos para interiores con ventila- — Fundamentos 
pero muy susceptible al viant obrecalentamient: > % Н físicos 
a tormentas, en lo posible Le SAG pero menos seatocalentemiento y. posible rieles seguros ción natural. Altitud solar 
con:control automático ы vista que en Ф empeora la ventilación y mantener distancia Авојес 
conectado a una central : de la ventana del muro, para así Sombreado 
meteorológica posibilitar la ventilación Irradiación solar 
lluminación 
lateral 
ттт Iluminación 
cenital 
Criterios 
| de calidad 
Redirección 
de luz natural 


Apantallamiento 


DIN 5034 


Técnicas de la 


construcción 


E 


po 
Ф Voladizo Marquesina de lamas Fachada doble Toldo extensible 
Alero, balcones, etc.; exterior Protección solar por Celosías de vidrio, sistema Medidas para grandes toldos 
fijo; voladizo depende ~ Protección solar y contra delante de la fachada, transparente de protección delante de vitrinas y sobre suplidos 
de la orientación el deslumbramiento fija; evita el efecto solar y de orientación de 
traslúcida, en retícula о invernadero, luz, manejable 
celosías, fijo independiente del тај 
tiempo 
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Generalidades 
Lámparas 

Tipos 
Disposición 
Criterios de 
calidad 
lluminancia 
Lámparas 
fluorescentes 
Directriz de 
seguridad y salud 
en los lugares de 
trabajo 


DIN 5035 
DIN EN 12464 


Técnicas de la 


construcción 


Denominación física Denominación luminotécnica | Unidades 

y simbolo y abreviatura ` 
Flujo de radiación Flujo luminoso Ф ¡ Lumen (Im) 
intensidad radiante Intensidad luminosa 1 | Candela 


Ф Unidades fisicas y luminotécnicas 


„т Luminaria de pared 


=2=== Вай eléctrico con focos 
== Estructura y sistema luminoso 


meae Sistema luminoso con luminarias 
incorporadas 
Luminaria empotrada o 

200 О suspendida/redonda, cilíndrico 

© Bañador de pared, proyector 

direccional/redondo, cilíndrico 
Luminaria suspendida, rectangular 

ee | 


Simbolos universales para planos 
de arquitectura 


Lámparas 
de incandescencia 


Lámpara halógana 
de incandescencia 


о Tipos de lámparas 


Lámparas 
de incandescencia 


P (W): 60-200 
A (60-80) Lámpara de uso 
según Y universal 
P (W): 60-120 
PAR 38 Reflector 
P (W): 300 
PAR 56 Reflector 
R (63, P (W): 60-150 
80, 95, Lámpara reflectora 
según Ø 
P (W): 25-100 
A Lámpara softon 
Р (W): 25-100 
A Lámpara de criptén 
P (W): 15-60 
A Lámpara en vela 
4 са 
P (W): 35-120 
Lámpara en tubo 
ss 
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Luminaria suspendida, cuadrada 2 X 58 W 
с» 


Lámpara de vapor mercurio 
Lámpara de vapor de sodio 


fa 


Lámpara de halogenurós 
metálicos 


Lámpara de sodio de айа 
presión 


Luminaria, en general 


Xx 2 х Luminaria con indicador del núm. de 
х 60 W lámparas y potencia 
x Luminaria con interruptor 
XxX Luminaria emergencia, encendido 
continuo 
xX Luminaria emergencia, encendido 
emergencia 
& Proyector 
j Luminaria de lámpara fluorescente, 
en general 
TR Banda fluorescentes, ind. potencia 


Banda fluorescente, indicación 
número lámpara y potencia 
Luminaria lámparas descarga, 
en general 


Símbolos para planos de 
arquitectura según DIN 40717 


Lámparas de descarga 


Lámparas de айа presión 


Lámparas de baja presión 


Lámpara fluore3cancia 


Lámpara de sodio de baja 
presión 


Lámparas halógenas 
de incandescencia 


"< Вт 


Уа Р (W): 60-500 
QT-DE 12 


QPAR 38 A 


Lámparas halógenas 
de bajo voltaje 


QT9, 12, 16 B Р (W): 10-150 


Р М: 75-250 
QT 18 


P (W): 60-250 
Lámpara parabólica 
reflectante 


ОВ- 38-58 Р (mw): 20 
Ps Reflectora 
QR-CB P (W): 20-75 
Reflector de haz frío 
ОВ-111 P (W): 35-100 
Reflector 


Composición: 
Hasta un 80 % 

de ahoro eléctrico, 
10 veces más 

de duración 


25W 
40 W 
вом 


75W 
100 W 
120W 


Жү 
> 7м 
=w 


15W 
aw 
23% 


Denominaciones de lámparas incandescentes (según la Asociación Alemana 
de electrotecnia y de industria electrotécnica) 


ILUMINACIÓN ARTIFICIAL 
GENERALIDADES 


Información: Deutsche Lichttechnische Gesellschadt (www.litg.de) 
Fórdergemeinschaft Gutes Licht (www.licht.de) 
ERCO Leuchten, Lüdenscheid 


Datos luminotécnicos 

El rendimiento de la radiación percibido por el ojo se denomina 
flujo luminoso F. El flujo luminoso comprendido en un determinado 
ángulo y según una dirección específica, es la intensidad luminosa 
1, la intensidad luminosa de una luminaria en todas las direcciones 
de radiación proporciona la distribución de la intensidad luminosa, 
por lo general reproducida en forma de curvas fotométricas (CF) 
=» pág. 512 Ө. Las CF revelan el grado de apantallamiento de la 
radiación de una luminaria y si es simétrica o no. 

El flujo luminoso por unidad de superficie es la intensidad de ilumi- 
nancia E. 

Valores típicos: 


- Radiación global (cielo despejado) máx. 100.000 Іх 
Radiación global (cielo cubierto) máx. 20.000 Іх 
Visibilidad óptima 2.000 1х 
Visibilidad mínima en el puesto de trabajo 200 Ix 
Iluminación mínima para orientarse 20 Ix 
Iluminación de las vías públicas 10 Ix 
Iluminación de la Luna 0,2 Ix 


La densidad de iluminación D es una medida para determinar la 
claridad percibida; еп las luminarias, esta densidad es relativamente 
alta y puede deslumbrar. De ello resulta la exigencia de colocar 
pantallas entlas luminarias en espacios interiores, la densidad de 
iluminación de una superficie se calcula a partir de la densidad 
de iluminación E y del grado de reflexión (D=E - p /m). Las luminarias 
transforman la energía eléctrica (W) en flujo luminoso (Im), la eficacia 
puede valorarse a partir del consumo relativo de electricidad (Im/MW. 


Luminarias 

Las fuentes de luz artificial se componen de lámpara y luminaria. 
Como lámpara se designa al artefacto luminoso. Las luminarias 
sirven para sostener la fuente de luz (distribución, deslumbramiento). 
Según el principio ае generación luminosa, las fuentes de luz se 
diferencian en lámparas de incandescencia y lámparas de descarga 


> Ө. 


1. Lámparas de incandescencia 

Características: proporcionan una luz de color blanco cálido, 
excelente reproducción de los colores, funcionamiento sin centelleos. 
Si se emplean lámparas halógenas de incandescencia se puede 
conseguir una densidad de iluminación elevada, además, su redu- 
cido tamaño permite que las luminarias sean también pequeñas. 
Propiedades adicionales: elevado rendimiento (aprox. 6-12 Im/W), 
vida media de unas 1.000 h. 


Lámparas halógenas de incandescencia 

Alcanzan gran densidad lumínica gracias a una forma compacta. 
En la bombilla se encuentra un gas halógeno que impide que el 
wolframio del filamento se condense sobre el cristal en interior del 
bulbo y se reduzca el rendimiento luminoso. Las dimensiones re- 
ducidas permiten formas compactas de luminarias con muy buena 
concentración luminosa, por lo que son especialmente indicadas 
para focos. Las lámparas halógenas de incandescencia tienen un 
efecto lumínico más brillante (hasta 24 Im/W) que las lámparas in- 
candescentes normales, la vida útil de la lámpara es de aprox. 
4.000-6.000 h (еп el caso de lámparas halógenas de bajo voltaje). 
Para lámparas de 75 W de potencia se usan principalmente luces 
de baja tensión de 12 V, por lo que se debe contemplar un trans- 
formador para la conexión a la red eléctrica. Para potencias de 
75-2.000 W existen luces adecuadas a una tensión de red de 220 V. 


Lámparas de descarga de alta presión Lámparas fluorescentes 
Р (W): 125.250 Т 26 + P(w): 18 
HME Lámpara de vapor (Т 8) 30, 36, 58 
125/250 de mercurio Ы 
T16 o з Л Р w: 14 
P (W): 38/73 (Т5) А 28, 35 
HI-PAR Reflector de 7 
0/30 h тай 
20/13: alogenuros metálicos 17 P:S 
(12) 11,13 
P(W): 35,70,150 
HIT Lámpara de +  Fluorescentes compactos 
halogenuros metálicos тс РМ: 7 
* 9, 11 
Р (М): 35,70,150 
НІТ-САІ Lámpara de 
halogenuros metálicos, e 
casquillo cerámico C-D Р (W): 10, 
1 13,18, 26 
Sad P(W): 70-250 
HIT-DE — Lámpara de Е 
halogenuros metálicos 
"eE “йв 
HIE P (W): 75-400 24,36, 55 
Lámpara de в 
halogenuros metálicos 
Р (У): 50-100 TC-SB PM: 7, 11 
HST Lámpara de sodio 
de alta presión 15, 20, 40 
Transformador incorporado 
P (W): 50-250 y 
А TC-T P(W):18, 26 
HSE Lámpara dé vapor a = ai 
0 de sodio . 32,40 


Denominaciones de lámparas incandescentes (según la Asociación Alemana 
de electrotecnia y de industria electrotécnica) 


Vida útil h Rend. lumin. | Abreviatura 
Im/W 


в А] 


2.000 15 
1.500 - 2.000] 12-24 


Tipo de lámpara 


Lámpara incandescente 
Reflector parabólico 
Lámpara incandescente halógena 
Lámpara incand. halógena bajo voltaje | 2.000 - 6.000 


9.) 
Lámpara vapor mercurio (presión alta) 
Lámpara haluro metálico (presión alta) 
юй Гю: 

Зао: 


20700 0-19 
Luminaria fluorescente compacta 8.000 - 12.000] 60-75 


Ө ть de vida útil y de rendimiento tuminoso 


+ 
El 
Ф a 
o ТТ 


j 
| 


Falsos techos reticulares 

© Retícula cuadrada 

© Retícula rectangular 

© Retícula diagonal 

(2) Retícula romboidal 

© Colocación de las lámparas a > 2/3 а 


e 13) Tipos de retícula para luminarias de falso techo con luminarias fluorescentes 
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2. Lámparas de descarga 

Características de las lámparas de descarga: funcionamiento con 
reactancia y cebador. Elevado rendimiento y una vida media con- 
siderablemente alto, entre 5.000 y 15.000 h. Color de la luz según 
el tipo de lámpara: blanco-cálido, blanco-neutro o blanco-luz diur- 
na. Reproducción de colores desde regular a muy buena El cente- 
lleo se evita solo si se instala un aparato electrónico de encendido 
(EVG). Las lámparas de descarga se diferencian según el tipo de 
gas utilizado y su presión. 

Lámpara de vapor de mercurio de baja presión 

Tiene forma de barra y más conocida como tubo fluorescente, es la 
luminaria más utilizada. Con la descarga se compone en el interior 


radiación UV, que mediante un recubrimiento del tubo de cristal se 


transforma en una luz visible. El rendimiento luminoso es de 104 Im/W, 
En la denominación se utiliza el valor numérico después de la Т para 
indicar el diámetro de los tubos en mm (T 16 = 16 mm de diámetro) 
о, según el caso, en 1/8 de pulgada (Т 5 = 5 х 1/8” ~ 16 mm). Diá- 
metros menores posibilitan orientaciones más exactas en las lumi- 
narias. Actualmente los balastos se regulan electrónicamente. 

Uso en oficinas y edificios comerciales en falso techo en retícula, 
con la luz que cae en primer lugar directamente hacia abajo — @ 
o en bandas luminosas y luminaria de línea continua (directas 
o indirectas). Estas posibilitan una iluminación general homogénea 
con un efecto de sombra suave y parecida a la luz diurna. 
Luminarias fluorescentes compactas 

Se desarrollaron como sustitutas de las lámparas incandescentes. 
El balasto está incluido en la base del casquillo. Su rendimiento 
luminoso es menor que en los tubos fluorescentes. 

Tubos fluorescentes para publicidad 

A los tubos de vidrio rellenos con gases nobles (p. ej., neón, de ahí 
el nombre “luces de neón”) se les aplica tensión eléctrica. Según el 
tipo de gas se iluminan en distintos colores. Antes de rellenarlos de 
gas los tubos se dejan moldear como se desee, lo que permite formar 
figuras, textos y ornamentos. Regulación sencilla (regulación con 
reóstato o con transformadores), son frecuentes en cines, teatros, 
comercio y anuncios publicitarios. ` 

Lámparas de vapor de mercurio y de vapor de sodio 

de alta presión 

En lámparas de alta presión, la luz se produce mediante un arco 
eléctrico entre los electrodos. Se caracterizan por su gran durabi- 
lidad y rendimiento luminoso. No obstante, tienen el inconveniente 
de que reproducen mal los colores (mercurio, azul; sodio, amarillo), 
por lo que solo se utilizan como luminarias para fábricas, talleres, 
almacenes y exteriores. Las lámparas HME recubiertas tienen una 
mejor reproducción cromática. 

Lámparas de haluro metálico 

Producen una luz con buena reproducción cromática (colores de 
luz posibles: blanco cálido y luz de día) y con buen rendimiento 
luminoso. La fuente luminosa puntual y compacta posibilita una 
orientación luminosa exacta. La gran densidad luminosa y un valor 
alto de radiación UV son factores a tomar en consideración para 
evitar deslumbramientos, reflexiones y descolorimiento de elemen- 
tos sensibles a los rayos UV. Con quemadores cerámicos son más 
estables cromáticamente durante su vida útil. 

Lámparas LED 

Diodo emisor de luz (Light Emiting Diode, LED en inglés). Un cristal 
sólido se induce a lucir mediante corriente continua (recombinación 
de electrones en un semiconductor). El color de la luz se determina 
con la elección del cristal. La luz blanca se logra combinando múl- 
tiples LED de colores o a través de luminiscencia, que transforman 
la luz original en blanca. La densidad luminosa se sitúa actualmen- 
te en el área de las luces halógenas de bajo voltaje, y será mejora- 
da aún más en el futuro. Ventajas: tamaño pequeño de la fuente 
luminosa, bajo consumo durante su vida útil, no emite radiación UV 
ni infrarroja, es resistente a golpes, larga vida útil (aprox. 25.000- 
50.000 h). 
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LÁMPARAS ILUMINACIÓN ARTIFICIAL 


ПЕ A A e 
Tipo de luminaria Ф `\ El Plataforma para fluorescentes 
l 


=== 
Lu ег 


extensivo direccional Uplight Dowlight Cuadrado Rectangular 


A Lámpara de utilización 
universal о O 
60-200 W + 


PAR, В Reflector parabólico 
-300 W 


О О 


от Lámpara 
halógena de 
incandescencia О о i O O 
20-200 W 

QT-DE атр. halógena incand. Р 
portalámparas bilateral е) O 


100-500 W 

ОТАМ Lámpara halógena 
de bajo voltaje O O 
20-100 W 


QR-LV Reflector halógeno 


A de bajo voltaje O о 


20-100 W 
т Lámpara 
—— fluorescente O O О О 
18-58 W 
TC Lámpara fluorescente 
1 TC-D compacta О о о О О © 
TC-L 7-55W- 
A HME Lámpara de vapor 
0 de mercurio o 
50-400 W 
HSE/ Lámpara de vapor 
НӘТ de sodio ? «0 
50-250 W * 
HIT Lámpara halogenuros 
233 HIT-DE metálicos o © © © 
35-250 W 
Cuadro de aplicación de las lámparas según el tipo de luminaria 


EN E 
== | GAY 
= TA Plafón 
| | 1 репашаг/ “ \ 
j j Plafón empotrabie [30° 30°) para fuofesceñte 
Downlight Downlight 750 сажі iluminaci recta/ 
parabólico bañador pare para un fluorescente cosa cell а di 
Ni? 
№ х і жже 
Proyector х an 20°! Plafón empotrado Plafón de superficie. . | 
direccional Я Ё 2500 cd/kim 4 para bañador para fluorescente | Fluorescente 
parabólico de pared iluminación 
ILUMINACIÓN 4 directe/indirecta 
ARTIFICIAL q 
Generalidades Г\ Р, f 
Lámparas PAP. А Downlight con retorno 
Tipos Ра Риба «тое ы A de aire regulable 
Disposición " 50 cd/kim AN рага dos ¡ámparas ~ 4 160 m?/h para 35 ав (A) 
ерл de Downlight т> ст Bañador de pared | fluorescentes 500 с9%іт A 200 тэ/һ para 40 dB (А) 
calidad | CA 
llurninancia p Y LS 
Lámparas ы H A a R 
fluorescentes N ЛОТТУ Downlight con impulsión 
 Directriz de | ик 4 y retomo de aire 
seguridad y salud Бек 6 Ў MO 160 m/h para 35 dB (A) 
en los lugares de Dowhligi wnlight para Platón para lámpara | 4 200 тё/һ para 40 dB (А) 
trabajo ае doble foco шога ніта para с 17% ейт e] ) $ 6 Р 


proyector direccional 


DIN 5035 TÍA Downlight ornamental 
DIN EN 12464 eo con suplemento 
Й cilíndrico de: 
- aluminio 
Downligi pe 
ji ! - vidrio ора! 
теа - fundición a presión 


30° 309 Fluorescente 
К 500 сакт. 24 de iluminación 


secundaria 


para lámparas 
de descarga 


Técnicas de la 
construcción | 
30° 30° П) Downlight cuadrado 


Luminaria pendular 300 сакт шешсе iluminación Luminarias para fluorescentes de iluminación === | ¿== Reflector 300 х 300 тт 
indirecta directa e indirecta 


12) Luminarias y distribución de la luz 


Bañador de suelo ~ material sintético 


ta Ns 


Ме 
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LÁMPARAS 
Int z| = E 
Intemsi- ее 
Айша | dad de z z 21 12) ls ele РАР = 
del |йштіпа- | Uso del espacio е еј al e о E al > =ч ш щш RA E 
espacio | ción ЕЕЕ al Ola HOla all шш ыа 1 мл |9 
normal к Б 5| 5| 5| 51 Si 5 ооо 22 a El Ele ult 
oj ol oj al £ 3 | ы 3/3] 33 
A AE AO AE 
O O Се [еее TTI TTT 
Talleres HH HHHH 
[Restaurantes U |өр үү ә Т 
[Vestibutos П Б Е [Ф|] ээ] 
Oficinas convencionales, aulas, ventanillas de caja Г ГТ Сее ө T] 
[Salas de reuniones lelel | Сее [еее | | | 
ҮСТ ИНИНЕИНЕИЕЕИНИНЕИИЕИЕЫИНЕШЕ | le] | | [ejej | 
hasta СТТ jeje; Telelejelelele| TITT CU] 
500 iux jeje; jelejeje] | | | Jef Tel е 


Tiendas 


EAT 
[Salas de exposiciones | | lel | | [ө ее [е [ее TT] 


ee 

[Mussosy guetos 2 Jelelelelejel [өө өө ө | le TIT ГГ 
= CONO Te! T telolet O 
tenes conenconals mayores елы visas | | Г ә е1 
OO шишпшгпиш 
Grandes airacanes O ERECTO 

rara, Биота ИШЕ ЖЗ И ШШ ШШ ИП ЖЕШ MEA ШАШ ШШ): Ж 
ow Ма ејејеје[ејә| 1-1 tetelt] T 
[Cocina des TIT arde 1 
Ба por cor вее 
ЕСТИ И Н И ВИ PR Б П В 
СОИ Y O ССС Ива а И 
A e O AO В l ereere] Ta] 
а евз тантана СЕСЕ 11е ее әјә 
EA ее ТГ 
шаша 


Talleres | le] те 

[Naves industriales ЕСЦ | | le] | [ө [ө |] 

Auditorios, aulas, salas de reuniones | Jeje] | fe) | [el | lel | [e ЕГЕС TTo 
hasta [Tiendas Це | Jel |ө|ө|ө[ө| Jojolo) | е le To] 


$00 lux [Salas de exposiciones, museos, galeras | [eJejejejejeje| | | |е | 


18 [Accesos Це [е[ә| [е | fol | |ө[е|ө|ө| | 
[Hoteles 222 Це [е1 [е1 felele[ Tele! | 
[Pabellones роіаеропмоз ССС 
Talleres "O O DS O O O O O IA E 
Salas de dibujo ЕТТТ Се Te] [L Те 
[Laboratorios [0 ПИЕ 00 О БИЕ ө ILUMINACIÓN 
[Librerias satas delectura СЦ [| | [ [ [е] Аа 


hasta [Salas de exposiciones | || | G lidad 

Шош A _ СЗ Е Е Е ПВ П ТЕ D A ӨТҮ ө] ea 

[Grandes aimacenes ЕЕС ә [| [ә [Г [[[[е[ [еә] Tipos 
БК ШЙ ШЙ ИТ ШИГЫ ES р Б Е: 


Supermercados ca 
Grandes cocinas de calidad 
Naves industriales y de maquinaria fluorescentes 
hasta — [Salas de almacenamiento con estanterías altas MAA lel | | T Tel Гү Pe T 
200 lux [iglesiss әәә T T] en os lugares 
Salas de conciertos, teatros de trabajo 
Naves ыры ыы ta | | le! | | Joel [ejeje] 
еа Ce 19 еә еге ома, 
más |5001их [reropueros y аваа Tel е eletet tel terete] 
id Salas de convenciones ||| lol еее ССОО 


ш Г 
йоп ma 
O 500 Б Б Б Б O 0 8 Б ваа 


ЕТТЕ ОСС Це о Tere] о 
[Supermercados 22222 Е Н В В И С ee А С ССНИ Й тсс: аса 
A =Lámpara universal QT-LV = Lámpara halógena T =Lámpara fluorescente HME = Lámpara de vapor de mercurio construcción 
PAR = Reflector parabólico . de bajo voltaje ТС = Lámpara fluorescente compacta HSE = Lámpara de vapor de sodio 
R = Reflector QR-LV = Reflector de bajo voltaje TC-D= Lámpara fluorescente compacta HST = Lámpara tubular de vapor de sodio 
ат = Lámp. halógena de incandescencia  QR-CB-LV = Reflector halógeno doble HIT = Lámpara de halogenuros metálicos 
QT-DE = атр. halógena de incandescencia de haz trío TC-L = Lámpara fluorescente larga HIE = Lámpara de halogenuros metálicos 
con zócalo en ambos extremos de forma elíptica 


(1) Lámparas para iluminar 
espacios interiores 
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Bañador de pared y suelo en raíl 
Beato da parad y (4) Bañador de pared 


Ө proyector orientable Ө 'uminación indirecta 
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П эн 
к Luminaria mural, iluminación 
© Bañador de suelo directa e indirecta 
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ILUMINACIÓN ARTIFICIAL 
TIPOS 

Tipos de iluminación en espacios interiores 
iluminación directa y simétrica > @. Preferible para la iluminación 
general de salas de trabajo, salas de conferencias y zonas de circulación. 
Para alcanzar un determinado nivel de iluminación se necesita un rendi- 
miento eléctrico relativamente bajo. Rendimiento específico de las lumi- 
narias > pág. 517 @. Ángulo de apantallamiento en salas de trabajo, 
aprox. 30°; en casos con un confort visual muy elevado puede llegar 
hasta 40°. Se partirá de un ángulo de irradiación entre 70 y 90°. 
Downlight-bañador de pared, luminaria fluorescente-bañador de 
pared —> Ө. Se utilizan para conseguir una iluminación uniforme de la 
pared; el efecto es equivalente al de una iluminación directa. 
Вай electrificado-bañador de pared y suelo > 6). Iluminación uniforme 
de la pared; dependiendo de la separación entre los proyectores se 
consiguen intensidades de hasta 500 Іх. Se pueden instalar tanto lám- 
paras fluorescentes como lámparas halógenas de incandescencia. 
Bañadores de pared empotrados en techo —> O. Sirven para iluminar 
exclusivamente la pared; se pueden instalar tanto lámparas fluorescentes 
como lámparas halógenas de incandescencia. 
Downlight-proyector orientable — Ө. Instalando las luminarias uni- 
formemente en el techo se consigue una iluminación diferenciada del 
espacio. El reflector se puede inclinar 40° y girar 360°. Instalación de 
lámparas halógenas de incandescencia y, especialmente, lámparas ha- 
lógenas de bajo voltaje. 
Iluminación indirecta —> Ө. La sensación de claridad, incluso cuando 
el nivel de iluminación es bajo, y la ausencia de deslumbramiento ca- 
racterizan este tipo de iluminación. Es imprescindible que la sala tenga 
suficiente altura y, además, es necesario adecuar la iluminación a la 
forma del techo. En la iluminación de los puestos de trabajo se ha de 
limitar la iluminación del techo a un máximo de 400 cd/m?. Se consume 
hasta tres veces más energía que con la iluminación directa. 
Iluminación directa-indirecta — @. Debido a la sensación de claridad 
y al rendimiento energético (30 % en la iluminación indirecta y 70 % en 
ta iluminación directa), cuando el espacio tiene suficiente altura (h > З m) 
se suele optar por una iluminación directa-indirecta. Instalación mayo- 
ritaria de lámparas fluorescentes; en estructuras luminosas también se 
colocan combinándolas con lámparas de incandescencia. 
Bañadores de techo, bañadores de suelo — Ө - Ө. Se utilizan para 
la iluminación de techos y paredes. Instalación de lámparas halógenas 
de incandescencia o lámparas fluorescentes; también es posible instalar 
lámparas de descarga de alta presión. 
Luminarias murales —> @. Sirven sobre todo para conseguir efectos 
decorativos, incluso colores especiales colocando filtros y prismas. Con 
limitaciones, puede emplearse también para iluminar techos y suelos. 
Raíles electrificados-bañadores de pared — @). Utilizados sobre todo 
en museos y salas de exposiciones, no se ilumina el suelo. Niveles de 
iluminación vertical a alcanzar en zonas de exposición: 50 Іх, 150 lx y 
300 Ix; preferentemente lámparas de incandescencia y lámparas fluo- 
rescentes. 
(Rañles electrificados-proyectores — @. Ángulo de irradiación: 10° 
(reflector spot), 30° (reflector flood), 90° (reflector “bañador”). Se pueden 
modificar las características de irradiación mediante lentes (lente de 
escultura y lente de Fresnel), y la calidad de la luminaria mediante filtros 
UV, filtros antitérmicos y vidrios de color (museos, salas de exposición, 
salas de venta). La protección frente al deslumbramiento se consigue 
mediante viseras y monturas acopladas al cabezal. 


ed de pared en гай Ф Proyector еп гай electrificado 


ILUMINACIÓN ARTIFICIAL 
DISPOSICIÓN 


Geometría de la distribución de luminarias 

La separación entre las luminarias y la distancia hasta la pared de- 
penden de la altura de la sala > @ - Ө. 

El ángulo de incidencia de la luz sobre los objetos iluminados y la 
pared debe estar entre 30 (valor óptimo) y 40° > Ө - Ө. 

El ángulo de apantallamiento de los downlights está comprendido 
entre 30 (luz de irradiación ancha, suficiente delimitación del des- 
lumbramiento) y 50* (luz de irradiación profunda, elevada delimitación 
del deslumbramiento) > @, en las luminarias fluorescentes entre 


Downlight-bañador de pared. Downlight. 30 y 40°. 
Ámbito, actividad 


Separación de la pared a = 1/3 h Separación de la pared a = 1/3 h 
Potencia lumínica 
recomendada 
Caminos y zonas exteriores de trabajo 


Orientación en salas de breve estancia 
Zonas de trabajo acasional 

Tareas visuales de dificultad escasa 
Tareas visuales de dificultad media 
Tareas visuales con elevadas exigencias. p. ej., trabajo oficina 
Tareas visuales de dificultad elevada, montaje de precisión 


Downlight-bañador de pared. Downlight. 
Separación entre luminarias: Separación entre luminarias: Ф Potencia lumínica recomendable según C/E 
b=1-1,5a b=2a 


Siglas de caracterización: IP Ejemplo: IP 44 
Primera cifra: 0-6 Grado protección frente a golpes y partículas 
Segunda cifra: 0-8 Grado de protección frente al agua 


Ámbito de protección || 2. 2* cifra Ámbito de protección 


Sin protección ¡Sin protección 

Protección frente a partículas 1 |Protección contra gotas de agua en 
(> 50 mm) caída vertical 

Protección frente a partículas 2 ¡Protección contra gotas de agua 

(> 12 mm) en caída inclinada, hasta 15° 


E 


| я Protección frente a partículas 3 |Protección contra lluvia fina 
г \ s З (< 2,5 тт) 4 |Ргоѓессібп contra agua pulverizada 
A A Protección frente a partículas 5 |Protección contra chorro de agua 
l- e E muy pequeñas (< 1 mm) 6 ¡Protección contra la entrada de agua 
30"-40* 30°—40° Protecc. frente a sedimentos polvo por inundación 
Protección frente a la entrada 7 [Protección contra la entrada de agua 

Ángulo de inclinación de los Ángulo de inclinación de los de polvo por inmersión 
proyectores orientables y (6) proyectores para iluminar paredes 8 |Protección contra la entrada de agua 


дас, : @ = 30-40° (Ópti y objetos aistados: por sumersión 
bañadores: a 40° (óptimo) а = 30-40" (óptimo) 


\ 


ILUMINACIÓN 
Ámbito típico de aplicación ARTIFICIAL 
Muestras de colores, galerías шан 
Viviendas, hoteles, restaurantes, oficinas, escuelas, hospitales, til ón 
industrias, textiles, imprentas туйды 
2А |80>Ва>70 | industrias Cant pi Y 
70>Ra> 60 І Lámparas 
3 80 > Ва> 40 | Industrias con escasa necesidad de una buena reproducción ricerca 
de los colores Seguridad y salud 
[+ — [s0>ña>20 pl oe 
е s lluminación de paredes. 
liuminación de objetos aisiados 
O y ө Proyectores © Reproducción del color de las luminarias según DIN 5035 б 5038 
DIN ЕМ 12464 


(14) Formas de reflectores 


Densidad de 
20.000 s 50.000 50.000 < 500.000 < 500.000 
ОТ CA ON A 


Técnicas de la 


construcción 


| apantallamiento 
Iluminación de paredes. Ángulo de apantallamiento А 4 í Р 
© Bañadores © (ү = 30°/40°/50° ) [15] Ángulo de apantallamiento contra destumbramiento según DIN EN 12464 
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Ф Emplazamiento correcto de las luminarias respecto al puesto de trabajo, 
iluminación lateral 


Las superficies de trabajo, las pantallas de los monitores, el teclado 
y el papel deben ser mates 


Para el techo y las paredes 


(3) Las luminarias que pueden Densidad lumínica de una 
producir reflejos deben tener iluminación indirecta 
menor densidad lumínica en la 
zona crítica de irradiación 


є, = I2. costa: 
E 
O Ey= е боз? (90-с) 


16) Ley de separación fotométrica 
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ILUMINACIÓN ARTIFICIAL 
CRITERIOS DE CALIDAD 


Características de la iluminación 

Una buena solución luminotécnica ha de satisfacer requisitos fun- 
cionales y ergonómicos, y tener en cuenta la rentabilidad económica. 
Además de este criterio general, también se han de considerar as- 
pectos cualitativos y, sobre todo, arquitectónicos. 


Criterios cuantitativos 

Nivel de iluminación 

Como valor medio en las zonas de trabajo se necesitan entre 300 Ix 
(oficina pequeña con luz natural) y 750 Іх (espacios grandes). Me- 
diante una iluminación complementaria de los puestos de trabajo se 
pueden conseguir niveles superiores de iluminación. 

Dirección de la luz > @ 

Es preferible que la iluminación de los puestos de trabajo sea lateral; 
para lograrlo es necesario que la distribución de la luz tenga forma 
de ala —> pág. 512 Ө. 

Área de deslumbramiento > Ө - O 

El área de deslumbramiento abarca el directo, el que se produce por 
reflexión y los reflejos especulares en pantallas de monitores. El 
deslumbramiento directo se delimita colocando luminarias con un 
ángulo de apantallamiento > 30°. 

El deslumbramiento producido por reflexión, con una iluminación en 
el puesto de trabajo y dando un tratamiento mate a las superficies 
circundantes > Ө + Ө. А 

Los reflejos especulares en las pantallas de monitores se reducen 
con filtros antirreflectantes. Las luminarias, que a pesar de todo se 
reflejan en la pantalla, han de tener, en este ámbito, una densidad 
< 200 cd/m? (colocación de reflectores muy brillantes). 
Distribución de la densidad lumínica 

La distribución armónica de la densidad lumínica es el resultado de 
Una cuidadosa sintonía de todas las reflexiones en el espacio -> @. 
La densidad lumínica de la iluminación indirecta no puede superar 
las 400 са/тп?. 

Temperatura de color y reproducción de colores — pág. 514 Ө 
El color de la luz depende de fa elección de la luminaria. Hay tres 
grupos: luz blanca cálida (temperatura de color < 3.300 К), luz blan- 
ca neutra (3.300 K-5.000 K) y luz blanca diurna (temperatura de color 
> 5.000 К). En las oficinas se suelen elegir luminarias de luz blanca 
cálida o neutra. En cuanto a la reproducción del color, que depende 
del espectro de la irradiación, deben emplearse, en general, lumina- 
rias del grado 1 (muy buena reproducción del colon). 

Cálculo de la iluminación puntual > Ө + Ө 

La ¡luminancia (horizontal Е, y vertical E), proporcionada por lumi- 
narias aisladas se puede calcular empleando las leyes de separación 
fotométricas, a partir del flujo luminoso de las luminarias y las dimen- 
siones del espacio (altura h, separación d y ángulo de incidencia a). 


Grado de Grado de 
O | A 

Materiales de luminarias 
Aluminio brillante 80 hasta 90 | Mortero claro, de cal 40 hasta 45 
Aluminio extrusionado, mate 80 hasta 85 | Mortero oscuro 15 hasta 25 
Aluminio pulido 65 hasta 75 | Piedra arenisca 20 hasta 40 
Aluminio mate 55 hasta 76 | Madera contrachapadaj 25 hasta 40 
Pintura de aluminio, mate 55 hasta 65 | Cemento, hormigón 15 hasta 30 
Cromo pulido 60 hasta 70 | Ladrillo cerámico 10 hasta 15 
Esmalte blanco 65 hasta 75 
Laca blanca 80 hasta 85 | Colores 
Cobre pulido 60 hasta 70 | Blanco 70 hasta 75 
Latón pulido 70 hasta 75 | Gris claro 40 hasta 60 
Níquel 50 hasta 60 | Gris medio 25 hasta 35 
Papel blanco 70 hasta 80 | Gris oscuro 15 hasta 25 
Vidrio plateado reflectante 80 hasta 88 | Azul claro 40 hasta 50 
Plata pulida 90 hasta 92 | Azul oscuro 15 hasta 20 

Verde oscuro 45 hasta 55 
Materiales de construcción Verde claro 15 hasta 20 
Roble albar, pulido 25 hasta 35 | Amarillo claro 50 hasta 65 
Roble oscuro, pulido 10 hasta 15 | Marrón 10 hasta 40 
Granito 20 hasta 25 | Rojo claro 35 hasta 50 
Piedra calcárea 35 hasta 55 | Rojo oscuro 10 hasta 35 

| Mármol pulido 30 hasta 70 


a а 


(7) Grado de reflexión de los materiales 


Rendimiento específico de conexión 

Р" W/m? para 100 Іх y una altura de 3 т, 
una superficie > 100 т? y una reflexión 
de 0,7/0,5/0,2 


Rendimiento específico de conexión 
P* para diferentes tipos de lámparas 


o «Ho 9, 


00 © 
вово 
o o 

o o ә o 


ово 


Cálculo de la iluminación 
en un espacio interior 


tt 


Cálculo de la iluminación 
en una oficina 


Factor de corrección k 


Grado de reflexión 


12) Tabla de factores de corrección 


Ejemplo: 

Superficie S = 100 тё 

Altura H= 3m 

Grado de reflexión 0,5/0,2/0,1 (reflexión media) 
Luminaria tipo A : 

Р" = 4 W/m? - (fuorescente compacto) 

P 29-45 У а 405 М 


Luminaria tipo 8 : 


P* = 12 W/m? - (lámpara universal) 
Р =8- 100 W ж 800 W 


Luminaria tipo С : 


Р" = 10 W/m? - (ámpara halógena de incand.) 
Р = 16-20 W=320 W 


Fórmula — Ө 


Е, = (100-405 , 100-800 , 100-320) . 9,9 
100-4 100-12 100-10 


E, = 180 lx 


= 24 mM 
k 0,75 (reflexión clara) 
Р" x3 W/m? 
P 24-90 W=360 W 


100-4- 90 
100:4:90.075 
naa 


Е. =375 kx 


Luminarias empotradas con 
lámparas fluorescentes 


CCOO] 


Luminarias empotradas con 
lámparas fluorescentes 


Т26 58 W 


ILUMINACIÓN ARTIFICIAL 
¡ILUMINANCIA 

Cálculo de la ituminancia media 
En la práctica, con frecuencia es necesario calcular de forma apro- 
ximada la luminancia media (Em), para un determinado rendimiento 
eléctrico de las luminarias, p. ej., para calcular el rendimiento eléc- 
trico Р de un determinado nivel de iluminancia. E,, y Р se pueden 
calcular aproximadamente con іа fórmula —> Ө. El rendimiento eléc- 
trico necesario en la conexión Р” depende del tipo de luminaria 
empleado —> @. Corresponde a una iluminación directa. El factor de 
corrección k depende de las dimensiones del espacio y del grado 
de reflexión de las paredes, del techo y del suelo > Ө. Si se han de 
calcular espacios con diferentes tipos de luminarias, se calcula cada 
uno de ellos por separado y se suman al final > Ө. 
El cálculo de la iluminancia, con ayuda del rendimiento específico 
de la conexión, también puede aplicarse en oficinas. Por ejemplo, 
una sala rectangular de 24 m2 de superficie se equipa con 4 lumi- 
narias. Si cada una de ellas consiste en 2 lámparas de 36 W (valor 
de conexión incluido el interruptor: 90 W), se aplica la fórmula > Ө 
y resulta una iluminancia aproximada de 375 Іх. 


En las oficinas, además de las luminarias convencionales de forma 
rectangular para lámparas fluorescentes, también se emplean lu- 
minarias de forma cuadrada con lámparas fluorescentes compac- 
tas > Ө o estructuras luminosas > Ө. Estas últimas permiten la 
combinación con raíles electrificados para colocar proyectores. 


Iluminación de edificios 


El flujo luminoso necesario para iluminar un edificio se calcula con 
la fórmula Ө. La densidad lumínica debería estar comprendida 
entre З cd/m? (edificios aislados) y 16 cd/m? (edificios en un entorno 
muy claro). 


Em luminancia nomina! media (х) 
Р Rendimiento de conexión (М) 
P* Rendimiento específico de conexión (W/m?) > @ 
S Superficie del espacio 

к Factor de corrección > Ө 


(3) Fórmuia para iluminancias medias Ё„ y rendimiento de conexión Р 


Ф = flujo luminoso necesario 


Fórmula de cálculo del flujo luminoso L = densidad lumínica media {cd/m3) 
a-L-A А = superficie a iluminar 


E пв = efecto de la iluminación 
р = grado de reflexión del material 


Grado de reflexión del material 


Ma P 

Densidad lumínica del edificio 

(cd/m3) L 
3-65 


Aislado 

Entorno oscuro 
Entomo semiclaro 
Entorno muy claro 


Efecto de la ¡iluminación 
Edificio 


Ladrillo pintado blanco 
Mármol blanco 
Revoque de mort. claro 
Revoque de mort. oscuro 
Piedra arenisca clara 

7в Рівага агепіѕса оѕсига 
Ladrillo claro 


Superficie grande 
qa б шел Ladrillo oscuro 0,1-0,2 
A gran distancia 0,3 Madera clara 0,4-0,5 


Torres Granito 


© Flujo luminoso necesario para iluminar edificios 


Distancias recomendables para el tendido de los cables eléctricos 
en espacios habitables (en cm) 
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ILUMINACIÓN 
ARTIFICIAL 


Generalidades 
Lámparas 
Tipos 
Disposición 
Criterios 

de calidad 
Iluminancia 
Lámparas 
fluorescentes 
Directriz de 
seguridad y salud 
en los lugares 
de trabajo 


DIN 5035 
DIN EN 12464 


Técnicas de la 


construcción 


ILUMINACIÓN ARTIFICIAL 
LÁMPARAS FLUORESCENTES 


Recomendaciones de uso 


Temperatura de color 827 927 0 940 
18 1A 


Grado de reproducción de color 
Espacios de venta 
ejidos ículos de piel 
Cosmética, peluquería 
A та агап 


а 
[1] 
РР 
> 


Blanco de luz natural 


Ф 


- 
> 
6 
uj 
sd 
> 
ж 


= | о 
o|o 


A 


ИШИ 


ica, 


ПШ 


Muebles, alfombras 
Artículos de deporte, juegos y papelería 
Fotografía, relojería y joyería 


Floristería 


ШШШ 
ПИШ 
ПИШЕ 
ШИШ! 


ПИШ 


y 


ШШЦЇ 
Ш 
ГИШШ 
ШШ 
ГИШИ 
ШШ 
ШЕШ 
ШЇ 


>< 


ШП 


AN е ле 
Lámparas 

nma Rest: tes, hotel 

бош H E E 5 La E 

detrbajo | Salas de actos MIRA, с IRAN = 
инана [БИБИ БИНЕ ЕС 78 МЕШИ Б И МШШ REE SAS ИЛ 


Clínicas y consultas 
Diagnóstico y tratamiento 
Dormitorios pacientes, salas de espera 


[| 
Hi 


y 
|! 
| І 


Sala de estar 
Cocina, baño, taller doméstico, sótano 


11) Luz fosforescente empleada correctamente e =recomendado >< = posible 
\ 
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Pabellones deport. y de usos múltiples 


Técnicas de la 
construcción 


xx 
| 
Х 

ll 


X | >< 


Puestos de trabajo en espacios 
interiores 


Zonas comunes: 

Zonas de circulación en almacenes 
Almacenes 

Almacenaje con tareas de búsqueda 
Almacenaje con tareas de lectura 
Pasilios con estanterías 

Mostrador 

Mostrador de expedición 

Bares 

Salas de descanso 

Gimnasios 

Vestuario 

Lavaderos 

Inodoros 

Lavabos 

Salas de máquinas 
Aprovisionamienta de energía 
Expedición de correo 

Centralita telefónica 


Zonas de circulación interiores: 
Para personas 

Para vehículos 

Escaleras 

Rampas 


Oficinas: 

Oficinas en general 

Oficinas con puestos de trabajo 
cercanos a ventanas 

Grandes oficinas/oficinas agrupadas: 
Reflexión elevada 

Reflexión media 1 
Dibujo técnica 

Salas para entrevistas 

Recepción 

Circulación de público 
Procesamiento de datos 


Industria química: 

Instalaciones dirigidas a distancia 
Instalaciones con actividad manual, 
ocasional 

Puestos de trabajo permanentes 

en instalaciones industriales 

Puntos de observación 

Laboratorios 

Trabajos con elevada exigencia visual 
Comprobación de colores 


Industria del cemento 

cerámica y vidrio: 

Puestos o zonas de trabajo en hornos, 
mezcladoras y trituradoras 

Prensar, fresar, soplar 

(vidrio) 

Pulir, esmerilar, grabar 

(vidrio) 

Trabajos omamentales 

Pulir y grabar a mano 


Trabajos de precisión 1. 


Aceríaa, siderurgias 

grandes funciones: 

Instalaciones automatizadas 
Instalaciones para tareas manuales 
Puestos de ocupación permanente 
en instalaciones de producción 
Puntos de observación 

Puestos de control 


Industria de transformación del acero: 
Forja de piezas pequeñas 

Soldar 

Trabajos de relativa precisión 

con máquinas 

Trabajos de gran precisión con máquinas 
Puestos de control 

Trenes de laminado en frío 

Trenes de estirado de alambres 
Manipulación de planchas 

pesadas ` 

Manipulación de planchas 

ligeras 

Producción de herramientas 

Trabajos de montaje de baja precisión 
Trabajos de montaje de precisión media 


100 


750 


.000 


750 
300 
100 
200 
300 


50 


100 


200 


300 


300 
500 


.000 


Trabajos de montaje de elevada precisión 500 


Forjas de estampación 200 
Fundiciones, sótanos, etc. 50 
Разаге!аз 100 
Preparación de moldes de arena 200 
Cepillado de fundición 200 
Puestos de trabajo en el mezclador 200 
Naves de fundición 200 
Puestos de vaciado 200 
Trabajos de conformado a máquina 200 
Trabajos de conformado manual 300 
Construcción de núcleos 300 
Construcción de moldes 500 
Trabajos de galvanización 300 
Trabajos de pintado 300 
Puestos de control 750 
Fabricación de herramientas 

y mecánica de precisión 1.000 
Montaja de carrocerias 500 
Trabajos de lacado 750 
Trabajos noctumos de lacado 1.000 
Trabajos de pulido 500 
Montaje de acabado 500 
Trabajos de inspección 750 
Centrales térmicas: 

Instalaciones de alimentación 50 
Sala de calderas 100 
Sala de igualación de presiones 200 
Salas de máquinas 100 
Sala auxiliar 50 
Cuadros de mandos en el interior 100 
Cuadros de mandos en el exterior 20 
Puntos de observación 300 
Trabajos de revisión 500 


industrias electrotécnicas: 
Fabricación de cables y conductores, 
trabajos de montaja, bobinado 


con alambre grueso 300 
Montaje de aparatos telefónicos, 

bobinado con alambre medio 500 
Montaje de elementos de precisión, 

trabajos de ajuste y control 1.000 
Montaje de elementos de gran precisión, 
componentes 

electrónicos 1.500 
industria relojera y de joyería: 

Elaboración de joyas 1.000 
Manipulación da piedras preciosas 1.500 
Taller de óptica y relojería 1.500 


industrias de transformación de la madera: 


Fosa de desecación 100 
Bastidor de sierra 200 
Trabajos de montaje 200 
Elección de tipos de madera, trabajos 

de lacado y modelación 500 
Manipulación de madera 

con máquinas 500 
Chapado de madera 500 
Control de fallos 750 
Industrias papeleras 

ө imprentas: 

Elaboración de pasta de madera 200 
Fabricación de cartón 300 
Trabajos de encuadernación, impresión 

de papal pintado 300 


Trabajos de corte, dorado, 
estampación, grabado an 
relieve de clichés, impresión 


a máquina elaboración de matrices 500 
Impresión manual, selección de papel 750 
Trabajos de litografía, 


retocado, composición 
a mano y a máquina 


ajuste de la composición 1.000 
Control de colores en impresiones 

policromas 1.500 
Trabajos de grabado en cobre y acero 2.000 
Industria peletera: 

Trabajos en cubas 200 
Manipulación de las pieles 300 
Trabajos de guarnición 500 


ILUMINACIÓN ARTIFICIAL 


DIRECTRIZ DE SEGURIDAD Y SALUD EN LOS LUGARES DE TRABAJO 
“ILUMINACIÓN ARTIFICIAL” ASR 7/3, DIN EN 12464-1 (EXTRACTO) 


Tintes de pieles 750 
Control de calidad, exigencia media 750 
Control de calidad exigencia elevada, 1.000 
Control calidad exigencia muy elevada 1.500 
Control de colores 1.000 
Industria textil: 

Puestos de trabajo en piscinas 200 
Talleres de hilado 300 
Talleres de tintado 300 
Hilar, tejer, labores de punto 500 
Coser, estampar tejidos 750 
Taller de modista 750 
Trabajos de modista 1.000 
Control mercancías, control de colores 1.000 
Zurcido 1.500 
industria de la alimentación: 

Puestos de trabajo, en general 200 
Mezclar, empaquetar 300 
Mataderos, centrales lecheras, molinos 300 
Cortar y elegir 300 


Elaboración de comestibles y cigarrillos 500 
Control de producción, decoración, 


selección 

500 Laboratorios 1.000 
Comercio mayorista y minorista: 

Puestos de trabajo de ocupación 

permanente, tiendas 300 
Puestos de trabajo en las cajas 500 
Artesanía y manufacturación: 

Pintado de elementos de acero 200 
Montaje de instalaciones de calefacción y de 
aire acondicionado 200 
Cerrajerías 300 
Talleres de reparación 

de automóviles 300 
Carpinterías 300 
Taller de reparación, en general 500 


Talleres de reparación de radios y televisores 
500 


Empresas de servicios: 

Hoteles y restaurantes 200 
Recepción 300 
Cocinas 500 
Comedores 200 
Bufé 300 
Salones 300 
Restaurantes, self-service 300 
Lavandería 300 
Planchado a máquina 7 300 
Planchado a mano 300 
Seleccionar 300 
Trabajos de control 1.000 
Peluquería 500 
Cosmética 750 
Industria del plástico: 

Modelado por inyección 500 
Solapado 300 
Prensado 300 


Puestos de trabajo al aire libre 


Tipo de trabajo, zona 
de tráfico peatonal o rodado 


y talle en / ix 
Zonas de tráfico rodado y peatonal 

en un recinto industrial 

Acceso al recinto so 
Senderos peatonales 5 
Vías para bicicletas Emn, 23 


Vías de tráfico rodado con actividades 

de carga y descarga en zonas con velocidad 
limitada < 30 km/h 10 
Vías de tráfico rodado con actividades 

de carga y descarga o con gran afluencia 

de tráfico y limitación de velocidad 20 
Aparcamientos 3 


Puertos Áreas de maniobra y almacenaje 
de contenedores y zonas de tráfico rodado 20 


Carga y descarga de contenedores 100 
Muelles 5 
Embarque de mercancías sueltas 20 
Embarque de mercancías de gran tonelaje 
(carga a grane, fluidos) 10 
Áreas de trabajo en les zonas de 
almacenamiento de 

mercancías sueltas 20 
Mercancías de gran tonelaje 5 
Fluidos peligrosos 5 
Embarcadero para transporte de personas 30 
Embarcadero para transporte mixto 50 
Diques 20 
Lugares del puerto para reparación 20 
Zonas de maniobra y carga 20 


Áreas de trabajo en superficies para 
almacenaje y apilamiento 

Mercancías sueltas 30 
Mercancías de gran tonelaje 10 


Recintos con vías Zona de vías, 
Estaciones de maniobras 


1 Transporte público 3 
2 Otro tipo de transporte 5 
Andenes según DIN 67525, 

zonas de carga y descarga 30 
Pasos a nivel 20 
Obras Edificación en altura 20 
Obras públicas 20 
Construcciones metálicas 30 
Construcción de túneles 30 
Plantas químicas 10 


Centrales eléctricas 


11) Tabla de valores de iluminación para puestos de trabajo 


Zonas de tráfico 

1 Centrales comunes 10 
2 Centrales nucleares + 20 
Instalaciones de control 20 
Explotación a cielo descubierto 

1 Iluminación general 3 
2 Iluminación adicional 

en las zonas de trabajo 20 
Depuradoras 

Caminos 5 
Estanques А 

Gasolineras 100 
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ILUMINACIÓN 
ARTIFICIAL 


Generalidades 
Lámparas 
Tipos 
Disposición 
Criterios 

de calidad 
Ilurninancia 
Lámparas 
fluorescentes 
Directriz de 
seguridad y 
salud en los 
lugares 

de trabajo 


DIN 5035 
ASR 7/3, DIN 
EN 12464-1 


Técnicas de la 


construcción 


PROTECCIÓN 
CONTRA 
INCENDIOS 


Generalidades 
Clasificación 
Muros 
cortafuegos 
Elementos de 
construcción 
Acristalamiento 
resistente 

al fuego 
Puertas 
cortafuegos 
Redes de 
abastecimiento 
de agua contra 
incendios 
Aireadores 
extractores de 
humos y calor 
mecánicos 
Sprinklers 
Otras 
instalaciones 
de extinción 


MBO 
DIN 4102 
DIN EN 13501 


Técnicas de la 


construcción 


Prevención de incendios 


Procedimientos; 


constructivos técnicos organizativos 


Procedimientos de prevención de incendios (frente a los procedimientos 
de lucha contra incendios de los bomberos) 


DIN 4102 Comportamiento frente al fuego de materiales y elementos 
constructivos 
DIN EN 13501 Clasificación en función del comportamiento frente al fuego de 
los productos de construcción y elementos para la edificación 
ЖИШШ Ordenanza modelo sobre la Edificación 


MindBauR Directrices sobre la protección constructiva contra incendios 
para la edificación industrial 

MVStáttv Ordenanza modelo Reguladora de los Usos y Condiciones 
de los Locales de Espectáculos y Reunión 


MSchulBauR Ordenanza modelo para la construcción de edificios escolares 


Directrices modelo para el tratamiento constructivo en edificios 
en altura 
ArbStáttv/ASR Ordenanza de seguridad e higiene en el trabajo/Directrices 
de seguridad e higiene en los lugares de trabajo 
вам Directrices de la asociación federal de las mutuas comerciales 
de accidentes de trabajo y enfermedades profesionales 
VdS/CEA Reglamentos y fichas descriptivas de la Asociación 
de Aseguradoras contra daños materiales VIS 


(2) Reglamentos técnicos alemanes para la protección contra incendios (selección) 


Segundo recorrido de 
evacuación al exterior 
(dispositivo de rescate) 


Unidad de 
uso con una 
estancia 
como mínimo 


Primer recorrido 
de evacuación por 
la escalera protegida 


Primer y segundo recorrido de evacuación para unidades de uso que no están 
en la planta baja (representación de principio según MBO) 


Primer recorrido de 
evacuación al exterior 
por escalera protegida 


Segundo recorrido de 
evacuación.al exterior 
por escalera protegida 


Pasillo protegido 


(4) Primer y segundo recorrido de evacuación por dos cajas de escalera protegidas 
y por un pasillo protegido (representación del principio según MBO) 


Balcón de evacuación 


m 
Т 


[|| 


Pasillo protegido 


Recorrido de evacuación por una caja de escalera especialmente protegida 
(representación del principio según МВО) — pág. 258 
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PROTECCIÓN CONTRA INCENDIOS 
GENERALIDADES 


Nota: Los siguientes párrafos describen la situación legal en Alema- 
nia. Es indispensable consultar la normativa vigente en cada país, 


Las construcciones deben estar pensadas para que eviten los in~ 
cendios y la propagación del fuego; para ello, tendrán en cuenta 
la inflamabilidad y la capacidad de resistencia contra el fuego (clase 
RF) de los materiales, la estanquidad de los cerramientos de los 
huecos, así como la disposición de recorridos de evacuación para 
facilitar la salida de personas y animales y la lucha contra incendios 
eficiente, 


En principio se diferencian tres categorías de medidas preventivas 
contra incendios — @: 

Las disposiciones constructivas afectan a la concepción del dise- 
ño (p. ej., recorridos de evacuación, cantidad y configuración de 
escaleras, así como el tamaño de los sectores de incendio) y también 
a todas las soluciones constructivas del edificio y sus partes (р. еј., 
secciones mínimas, recubrimientos, revestimientos y capas, distri- 
bución de montantes de instalaciones, construcción de puertas 
cortafuegos y ventanas contra fuego, etc.). El término medidas 
técnicas contra incendios designa todas las disposiciones técnicas 
que se activan automáticamente (p. ej., detectores de humo y de 
incendio, rociadores, dispositivos de salida de humo y de calor) en 
caso de incendio. Las medidas organizativas de protección con- 
tra incendios afectan a las personas que controlan las medidas de 
protección y la redacción de regulaciones y planes contra incendios. 


Las exigencias generales de prevención de incendios en la construc- 
ción se basan en las ordenanzas locales o la MBO: 

Para edificios de las clases 1-5 (en Alemania) la MBO contiene las 
exigencias técnicas de protección contra incendios para la disposi- 
ción de separáciones entre edificios > pág. 76, y las directrices para 
la construcción de muros estructurales, pilares, muros exteriores, 
tabiques, muros cortafuego, falsos techos y cubiertas — págs. 523- 
525, además de las exigencias para la configuración de recorridos 
de evacuación. 


Las construcciones especiales según la MBO, requieren medidas 
contra incendios especiales, reguladas en ordenanzas y disposicio- 
nes adicionales. Una selección de las reglas más importantes para 
protección contra incendios > Ө. 

La planificación de este tipo de edificios requiere la colaboración 
de un perito técnico experto en protección en la fase del pro- 
yecto, para elaborar el concepto de protección contra incendios. 


Recorridos de evacuación 

Las unidades de uso con una estancia como mínimo deben disponer 
en cada piso de dos recorridos de evacuación independientes 
hacia el exterior. Para las unidades de uso que no están en la plan- 
ta baja, el primer recorrido de evacuación debe conducir a una es- 
calera protegida o, según el caso, en una caja de escalera (nece- 
saria), el segundo recorrido de evacuación se realiza por otra 
escalera protegida o por los bomberos mediante dispositivos de 
rescate en un lugar que sea accesible -> Ө. Desde cada punto de una 
estancia debe ser accesible una salida a una escalera protegida 
o una salida al exterior en una distancia máxima de 35 m > Ө. 

No es necesario un segundo recorrido de evacuación si la misma se 
realiza por escaleras especialmente protegidas» Ө, a las que ni el 
fuego ni el humo pueden penetrar gracias a la distribución de balco- 
nes de evacuación o esclusas con ventilación forzada — pág. 258. 
El material y la construcción de las escaleras protegidas, así como 
la ubicación, construcción, superficies y huecos de las cajas de 
escaleras protegidas tienen exigencias especiales contra incendios. 
Para pasillos protegidos situados en recorridos de evacuación que 
conducen desde estancias o unidades de uso hasta las cajas de 
escalera protegidas o al exterior, rigen también exigencias especia- 
les contra incendios. 


PROTECCIÓN CONTRA INCENDIOS 
CLASIFICACIÓN 


Nota: Los siguientes párrafos describen la situación legal en Alema- 
nía. Es indispensable consultar la normativa vigente de cada país. 


Según las exigencias, la MBO distingue la capacidad de resistencia 
al fuego de los elementos constructivos en: resistentes al fuego, al- 
tamente retardantes y retardantes al fuego con materiales ignífugos 
en todos sus componentes o solo en los estructurales, además de 
elementos de construcción especiales (con exigencias especiales 
para la protección contra incendios). También clasifica los corres- 
pondientes materiales de construcción según su comportamiento 
frente al fuego en materiales no combustibles, sin contribución en 
grado menor al fuego, con contribución media al fuego y con contri- 
bución alta al fuego 

Los elementos constructivos y los materiales de construcción se 
clasifican según su comportamiento frente al fuego. Para la clasifi- 
cación, en las ordenanzas locales se distingue entre productos re- 
gulados y no regulados. Los productos regulados principalmente 
están acordes con la normativa y otras reglas presentes en la Lista 
de normas técnicas para la construcción del Instituto Alemán de la 
Construcción (018%). 

La utilización de productos para la construcción no regulados debe 
ser comprobada en el marco de un certificado de homologación 
(АБР), un documento de idoneidad técnica (AbZ) o una aprobación 
como caso especial (216). 

La clasificación se hace según los principios de DIN 4102 o DIN EN 
13501. Las normas DIN 4102 y DIN EN 13501 > Q clasifican los 
materiales de construcción en categorías de materiales de construc- 
ción y productos y elementos constructivos en categorías de resis- 
tencia contra el fuego —> @ - Ө. 

Las clasificaciones de materiales según DIN 4102 o DIN EN 13501 
para la comprobación del comportamiento contra el fuego pue- 
den aplicarse alternativamente. 


Duración de resistencia 
contra el fuego 

en minutos 

DIN 4102/DIN EN 13501-2 


Elementos АР 30/ |-RF60/ |RF90/ | ВЕ 120/ | RF 160/ 
REI3O |ВЕб60 | АЕ 90 | ВЕ 120 | ВЕ 160 


Muros exteriores no EF30/ |EF60/ | ЕЕ 90/ [EF 120/ | EF 180/ 
estructurales E 30% Е 60° Е 907 Е 120% Е 180? 
El 302 El603 | ЕІ 902 El 1202 El 1802 


Protección contra RF30/ |RF60/ |RF90 |RF120/ |AF180/ 

incendio de cerramientos | E 30C |ER60C |ER90C | Е? 120С | El? 1800 

Vidrios RF RF30/ |RF60 [RF90/ |RF120/ | AF 180/ 
Е130 ` | ЕІ60 Е190 El 120 El 180 

Vidrios PF РЕ 30/ | РЕ60/ |PF90/ |РЕ120/ |PF180/ 
Е 30 Е 60 Е 90 Е 120 Е 180 


1 del interior hacia el exterior 
2 del exterior hacia el interior 


Clasificación de resistencia contra el fuego de elementos de construcción 
según DIN EN 13501-2 y DIN 4102-2, 3,5: 1977-09 


Dispositivo Dispositivo 
intumescente | intumescente 
de obturación | de obturación 
para para paso 
cableados de tubos 


RE 120/ ЯҒ 160/ 
REI 160 


REI 120 
RF 120/ RF 180/ 
E 1801 


E 120" 
El 1202 El 1802 


Exigencias Cerramientos 
constructivas | cortafuegos 


ER 30 C | RF60/ | RF 90/ 
REI60 | REI90 
RF30/ |RF60/ | RAF 90/ 


E 301 Е 601 E 90% 
El302 | Е! 602 ¡El902 


Retardante 
del fuego 


Altamente 
retardante 


del fuego 


Resistente RF30/ |RF60/ | RF 90/ ВЕ 120/ RF 180/ 
al fuego ER 30 C | Е260С | El? 90 C ER 120 C ER 180C 


RF 120/ RF 180/ 

El 120 El 180 
PF 180/ 
E180 


Resistencia а! | ВЕ 30/ | RF60/ | RF 90/ 
fuego 120 min | ЕЇЗО Е!60 E190 


Estanco PF30/ | PF60/ 
E30 E60 


contra humo 
y con cierre 
automático 
Clasificación de resistencia contra incendios de elementos constructivos 
especiales según DIN EN 13501-2, 3, 4 y su disposición con las exigencias 
constructivas (selección) 


Denominación 
según DIN 4102 


MEN 
а Retardante al fuego Clase de resistencia аі fuego | RF 30-83 
RF 30 


Retardante al fuego Clase de resistencia аі fuego | ВЕ 30-AB3 
y en los materiales no RF 30 y en los componentes 
combustibles principales!) de materiales 


no combustibles 


3 Retardante al fuego y de Clase de resistencia al fuego | RF 30-А2 
materiales no combustibles | RF 30 y de materiales no 
combustibles 


4 Retardante al fuego y en Clase de resistencia al fuego | RF 60-AB 
las partes estructurales de RF 60 y en los componentes 
materiales no combustibles | principales de materiales no 


combustibles 
Altamente retardante del 
fuego y de materiales по 
combustibles 


Clase de resistencia al fuego | RF 60-A 
RF 60 y de materiales no 
combustibles 

Resistente al fuego (por ej. 


Clase de resistencia al fuego | RF 90-AB3 
en muros); resistente al RF 90 y en los componentes 
fuego y en las partes 


principales de materiales no 
estructurales de materiales | combustibles 
no combustibles 


7 Resistente al fuego y de Clase de resistencia al fuego | RF 90-А2 
materiales no combustibles | RF 90 y de materiales no 
combustibies 


1 A los componentes principales pertenecen: 


a) Todos los elementos estructurales o de arriostramiento, en el caso de elementos 
constructivos no estructurales, también las construcciones que influyan en la 
seguridad estructural (р. еј., construcciones porticadas para muros no 
estructurales), 


b) En elementos de cerramiento, una capa continua en el plano del elemento 
que tiene que resistir el ensayo según esta norma sin destruirse. 

Para falsos techos, esta capa debe tener un grosor mínimo total de 50 mm; 

se admiten cavidades en ella, 

Para la evaluación del comportamiento frente a incendios de los materiales de 
construcción pueden desatenderse capas de pintura o recubrimientos de hasta 
0,5 mm de grosor. 


а Para la denominación completa de elementos constructivos según DIN 4102 se 
indica a continuación de la clase de resistencia al fuego la clasificación de los 
materiales utilizados. 


Comparación de denominaciones de resistencia al fuego desde la MBO y 
DIN 4102 según el Decreto ejemplar de entrada en vigor de la DIN 4102 [08] 


Exigencias DIN 4102-1 
constructivas según 


MBO 


Exigencias adicionales 


Sin 
desintegr. 
con caída 
de partes 
o gotas 
inflamadas 


13501-1 


Sin contribución en 
grado menor al fuego 


mínimo 


Con contribución 
media al fuego 


Clasificación del comportamiento contra incendios de materiales de 


construcción según la Ordenanza modelo (МВО), DIN EN 13501-1:2007-05 
y DIN 4102-1:1998-5 [09] 
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PROTECCIÓN 
CONTRA 
INCENDIOS 


Generalidades 
Clasificación 
Muros 
cortafuegos 
Elementos de 
construcción 
Acristalamiento 
resistente 

аі fuego 
Puertas 
cortafuegos 
Redes de 
abastecimiento 
de agua contra 
incendios 
Aireadores 
extractores de 
humos y calor 
mecánicos 
Sprinklers 
Otras 
instalaciones 
de extinción 


MBO 
DIN 4102 
DIN EN 13501 


Técnicas de la 


construcción 


o aa PROTECCIÓN CONTRA INCENDIOS 
- MUROS CORTAFUEGOS 


ВЕ 90 
Según la MBO, los muros cortafuegos se construyen principal- 
mente como remate de edificios, cuando el muro de cerramiento 
está levantado a menos de 2,5 m del lindero vecino, entre edificios 
pareados sobre el mismo solar, así como para la compartimentación 
de edificios más grandes en sectores de incendio de no más de 
40 m. 
Los muros cortafuegos deben construirse con materiales no com- 
(1) Cortafuegos de plano continuo [2] Cortafuegos desplazado bustibles y presentar una resistencia al fuego de al menos 90 min 
(EF90A). Los cortafuegos deben partir de la cimentación, elevarse 
en vertical y sobresalir un mínimo de 30 cm sobre la cubierta, 
Muro cortafuegos Es i cuando el elemento de cubrición sea rígido — Ө . En edificios de 
s Muro hasta tres plantas es suficiente si los muros llegan hasta la parte 
\/ ИрИ inferior de la cubierta. El cortafuegos debe cumplir las exigencias 
de la norma, con independencia del revestimiento. Las aberturas 
en muros cortafuegos por lo general no están permitidas. Pueden 
autorizarse en muros cortafuegos en el interior del edificio, en cuyo 
caso se han de disponer cerramientos resistentes al fuego con 
dispositivos de cierre automático (Puerta o portón RF 90) 
> pág. 521 Ө. 


Superficies 
coadyuvantes 
RF90A 


i el muro está en el edificio 


de menor altura, la parte de la 


Muro cortafuegos; debe alcanzar 4 A P 
(3) la envolvente de la cubierta del ө presa ад адан на 


edificio de mayor altura de un cortafuegos 


Muro cortafuegos; separación Muro cortafuegos alineado 

2 5 m del rincón con el rincón; prolongación : 
del mismo > 5 т еп una de En edificios con más de tres plantas Forjado de la cubierta de hormigón in situ 
las fachadas completas, prolongar el cortafuegos o elementos prefabricados de hormigón 


al menos 30 cm sobre la cubierta EF 90 = forjado cortafuegos. El muro 
cortafuegos puede estar entonces 
cubierto con materiales combustibles 


PROTECCIÓN 
CONTRA 16) Cierre cortafuegos superior en edificios con cubiertas rígidas 
INCENDIOS 
Generalidades A 
Clasificación 
Muros 
cortafuegos ә Materiales para muros cortafuegos Monocapa 
Elementos de 
construcción Muro de fábrica 
Acristalamiento Según DIN 1053, apartado 1, trabas realizadas con! 
resistente mortero de grupos !l, lla о Ili cuando se emplean 
al fuego Bloques con grado de densidad 2 1,4 240 2х 175 
Puertas Bloques con grado de densidad > 1 300 2х 175 
cortafuegos Piedra caliza según DIN 106, 1 A1 y 2 
Redes de Muro cortafuegos alineado con el Muro cortafuegos prolongado de los bloques con grado de densidad > 1,8 240 2х 175 
abastecimiento rincón; prolongacion dal mismo en las dos fachadas Elementos cerámicos prefabricados - 
08 agua comta cin дааа слайд Según DIN 1053, apartado 4 con el изо de paneles 
Aireadores ligeros (con muchos huecos) y ladrillos para 
extractores de fugas totalmente estancas 165 2x165 
humos y calor Paneles compuestos con dos capas de ladrillo 240 2 х 165 
mecánicos Hormigón normal 
Sprinklers Hormigón sin armar según DIN 1045 200 2 х 180 
Otras Hormigón armado según DIN 1045 en paneles no 
instalaciones portantes colocados en horizontal o vertical 120 2x 100 
de extinción En paneles portantes u hormigón in situ 140 2х 120% 
Hormigón ligero 
MBO Con burbujas irregulares según DIN 4232 de 
DIN 4102 окиси categoría 2 ы 250 2 х 200 
DIN ЕМ 13501 nsidad categoría > 0, 300 2 х 200 
Hormigón celular 
Hormigón expandido según DIN 4223 E de la 
ina categoría de resistencia GB 4,4 con un densidad 
Técnicas de la 2 600 kg/m? en forma de: 
construcción — s4 — paneles no portantes en horizontal o vertical 175 2x175 
В paneles portantes en horizontal o vertical 200° ; 2 х 200% 
Muro cortafuegos separado < 40 m Cuando el ángulo que forman dos 
del borde exterior del edificio edificios es mayor de 120°, no es %) Siempre que no sean necesarios grosores mayores por estar sometida la pared 
necesario prolongar el cortafuegos a grandes esfuerzos (ver DIN 4102, apartado 4, tabla 37 o tabla 40) 
O Muros cortafuegos en esquina (7) Grosores mínimos de los materiales para muros cortafuegos 
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1 Protección de los cantos 
2 > 5 mm de revoco de cal o mixto 
de cal y cemento, grupo ! о І según 


PROTECCIÓN CONTRA INCENDIOS 
ELEMENTOS DE CONSTRUCCIÓN 


DIN 18550 

3 Tela metálica 

4 2 35 mm de revoco de cemento y 
vermiculita 

5 Alambre de unión 

6 Plancha metálica estirada y nervada 

7 Plancha metálica estirada y redondos 
de acero > 5 mm como separadores 

8 Núcleo hormigonado, o rellenado con 
obra de fábrica, hasta 1,5 mm por 
encima del suelo como mínimo 


Nota: Los siguientes párrafos describen la situación legal en Alema- 
nia. Es indispensable consultar la normativa vigente de cada país. 


Muros, pilares А 

La МВО fija exigencias рага muros y pilares: los muros estructura- 
les y de arriostramiento y los pilares deben ser ejecutados como 
resistentes al fuego en edificios de clase 5 (MBO); para edificios 
de clase 4, (MBO) altamente retardantes al fuego; y para las clases 


AT % 1 y 2 (MBO), retardantes al fuego. Esto no es válido para plantas 
EF E Н de desvanes sin recintos habitables пі balcones. En el sótano se 
ЯА ejecutarán resistentes al fuego, en edificios de la clase 1 у 2 (МВО), 

A retardantes al fuego. 
06—40 Los muros exteriores по estructurales у los elementos no estructu- 
1 -Pilar de acero rales encastrados en muros estructurales deben ejecutarse (a excep- 
2 Aa ж Ын contra el fuego, ción de los de la clase 1-3) con materiales resistentes al fuego (o 
3 Junta traslapada como mínimo retardantes al fuego). Los revestimientos exteriores de 
4  Grapas de alambre о tornillos envolventes (incluyendo el aislamiento y la estructura auxiliar) deben 

autoperforantes 


fabricarse con materiales difícilmente inflamables. En edificios de la 
clasificación 1 y 2 (МВО) se aceptan los revestimientos exteriores de 
materiales con contribución media al fuego, si en caso de una pro- 
pagación del incendio pueden ser apagados de un modo efectivo. 


h Altura del perfil 

b Anchura del perfil 

О Grosor del revestimiento contra 
incendios 


12) Pilares de acero con placas contra incendios (RF 30 A/RF 180 А)) 


Arena, grava, llmos, arcilla, piedras naturales, 
h minerales, tierra, escorias de lava, pómez natura 


Fibras minerales sin aditivos orgánicos 
Placas, mantas, fieltros y láminas de fibras minerales 


á $ 


H-b- Cemento, cal y yeso anhidro, escorias y pómez 
de altos hornos, arcilla expandida, pizarra expandida, 
perlita, vermiculita cl. B. 
1 Viga de acero ш 
2 Placa de protección contra el fuego, изе ашылар an del dd йв. 
8 д Eromatecia Ladrillo, piedra natural, placas cerámicas ci. B. 
4 Apoyo de junta Vidrio, vidrio celular О cl. B. 
h Altura del perfil Placas, mantas y fieltros de fibra de vidrio garantía 
b Ancho del perfil Piexiglás garantía 
Placas de yeso para paredes y techos cl. В. 
Tableros chapados y aglomerados garantía 
К Placas revestidas o sin revestir B1 garantía sí 
13) Revestimiento contra incendios para jácena de acero F30-A/F180-A Cartones para cubiertas y láminas 
| de impermeabilización el. B. sí 
La tabla contiene: | PROTECCIÓN 
- Materiales clasificados según DIN 4102, que sin otra certificación pueden ser CONTRA 
clasificadas en las clases de materiales indicadas (cl. B.) INCENDIOS 
— Materiales que por motivos de normativas correspondientes deben ser clasificados 
en clases de materiales definidas. La clasificación normalmente se lleva a cabo Generalidades 
mediante un certificado de homologación. Clasificación 
— Materiales de la clase A y Bt, a los que ya les fue otorgado el marcaje de Muros 
homologación con anterioridad, este se otorga normalmente al fabricante. cortafuegos 
- Elementos de 
Ө Combustibilidad de materiales de construcción (selección) construcción 
Acristalamiento 
resistente 
al fuego 
Particiones re 
Detalle: Detalle: А ; А a E со 
entrega a la pared entrega a la pared La durabilidad de resistencia al fuego de particiones entre unidades Redes de 
y junta entre placas de uso (o unidades de uso y salas con otros usos) debe correspon- el ri 
der a la calidad de los elementos constructivos estructurales de la incendios 
Aireadores 
Tabique ligero de placas de fibras Tabique con montantes planta. Estos deben arrancar y entregarse a la losa estructural (en extractores de 
de silicatos Р 30-A) de madera F 30-В azoteas deben llevarse hasta la cubierta). Los huecos están limita- humos y calor 
д . ‚ ; tai есапісоѕ 
dos al tamaño y número indispensables рага el uso, у, como míni- Spriniders 
mo, deben tener cerramientos retardantes al fuego, estancos y con 2 деда 
cierre automático. de extinción 
Construcción MBO 
p Р га А се DIN 4102 
Los materiales de construcción clasificados para la ejecución de ом EN 13501 


muros macizos estructurales o no estructurales están representados 
en la tabla — Ө. Los pilares y vigas de acero reciben por lo gene- 
ral revestimientos de caja con placas resistentes al fuego, cuya 
clasificación contra incendios resulta a partir de su grosor > @ - Ө. 
Además, existen pinturas intumescentes (hasta F90) y construccio- 

> nes compuestas mediante hormigonado (según sea el caso, con 

й armadura adicional [F60]). 

Tabique estable de placas de Los tabiques no estructurales se fabrican como construcciones con 


fibras de silicatos con montantes а в 
de perfiles С, Е 90-A paramentos en diversas calidades > Ө - Ө. 


Técnicas de la 


construcción 


Detalle: 
entrega a la pared 


ОУУ 


Elementos de pared exterior 
con aislamiento térmico T 90 
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Losa de hormigón armado Losa de hormigón armado 

e = 100 mm e=80mm - 

En caso de recrecido adherido Pavimento de cemento flotante 
no combustible, rigen los valores (sobrelosa) no combustible, 
que incluyen la capa de recrecido e =25 mm 


a н Forjado de hormigón armado 
Горка de hormigón armado F 90-A con pavimento de cemento 
flotante (sobrelosa) 
Manta de Promalan, grosor: 2 x 40 mm 
Vigas de madera 160 x 200 mm 
Planchas de Promatect-H 80 х 10 mm Entarimado machi A 


Vigas de madera 160 x 200 mm 
Entarimado machihembrado 


+= 


s 100 

== 
Forjado de vigas de madera 
F 30-8 


Forjado de vigas de madera F 90-8 
(con aislamiento térmico) 


Y// Alambre de 
suspensión 


Exposición a llamas 
por la cara inferior 


PROTECCIÓN 
CONTRA 
INCENDIOS 


Generalidades 
Clasificación 
Muros 
cortafuegos 
Elementos de 
construcción 
Acristalamiento 
resistente 

al fuego 
Puertas 
cortafuegos 
Redes de 
abastecimiento 
de agua contra 
incendios 
Alreadores 
extractores de 
humos y calor 
mecánicos 
Sprinklers 
Otras 
instalaciones 
de extinción 


Placas L 


Detalle: Entrega a la pared 


Techo suspendido de placas de fibra de silicato F 90-A (representación 
de principio) 


оуу? 


MBO 
DIN 4102 
DIN EN 13501 


Técnicas de la 


construcción 


Detalle: entrega a la pared y luminaria 
empotrada 


Cubierta de plancha metálica 
trapezoidal (falso techo de placas 
de fibras de silicato) F 30-AB 


Cubierta de plancha metálica 
trapezoidai F 90-A, F 90-AB 


4524 


PROTECCIÓN CONTRA INCENDIOS 
ELEMENTOS DE CONSTRUCCIÓN 


Nota: Los siguientes párrafos describen la situación legal en Alema- 
nia. Es indispensable consultar la normativa vigente de cada país. 


Forjados 

La MBO contiene exigencias contra incendios para forjados, forjados 
de sótanos y aberturas en forjados: los forjados deben ser fabrica- 
dos resistentes al fuego y, como mínimo, retardantes del fuego; 
los forjados de sótanos tienen que ser resistentes al fuego. No 
están permitidas las aberturas en forjados para los que se ha de- 
terminado una resistencia al fuego de duración definida. Si existen 
aberturas, deben ser ejecutadas con cierres resistentes al fuego 
correspondientes al tipo de forjado y a su resistencia al fuego. 

Las excepciones son válidas para edificios de clase 1 y 2 (MBO), 
para techos de desvanes, balcones y forjados dentro de viviendas. 


Construcción 

Con relación a la protección contra incendios, pueden diferenciar- 
se técnicamente las siguientes construcciones de forjados: 
Forjados macizos (р. ej., losas de hormigón armado — Ф, forjados 
nervados con piezas de relleno) tienen bajo ciertas condiciones 
suficiente resistencia al fuego sin protección adicional. Muchas 
variaciones de ejecución están clasificadas en la norma DIN 4102 
>0. 

Forjados de vigas de madera, acero o chapa nervada deben ser 
protegidos contra el fuego por debajo (falso techo — Ө) y por 
arriba (revestimiento, recrecido o pavimento de cemento). Deben 
también considerarse las uniones a muros, eventuales construc- 
ciones en forjados, etc. La protección contra incendios lograda 
debe comprobarse con un certificado —> pág. 521, para lo que debe 
evaluarse toda la construcción. También es frecuente la construc- 
ción de falsos techos autoportantes con su propio tipo de resisten- 
cia al fuego (p. ej., para la protección de las instalaciones en la 
cámara entre el falso techo y el forjado). 


а de construcción Grosor mínimo de fábrica (en mm): 


al e e e EN 
Como amiba, pero con pavimento 60 60 60 80 

de cemento flotante ii (25) |(25)% (307) }(40)% 
Сото arriba, pero con pavimento 140 465 

de cemento flotante (sobrelosa)2 


7 Grosor de pavimento de cemento (sobrelosa) 
Ө сазисасп de construcción de forjados según DIN 4102 (selección) 


sin revestimiento becado bi 


2 Pavimento de cemento (sobrelosa) no combustible 


Cubiertas 

La MBO contiene además exigencias de protección contra incendios 
para cubiertas: 

La piel de la cubierta debe concebirse fundamentalmente como 
“cubrición dura”, y será resistente al fuego volátil y calor irradiado. 
Aleros, cornisas, buhardillas, lucernarios, cubiertas transpa- 
rentes, etc., deben mantener distancias mínimas con los muros 
cortafuegos. 

Para las cubiertas de edificios pareados (p. ej., casas pareadas) 
rigen exigencias adicionales contra incendios. Las cubiertas de 
ampliaciones que se entregan a muros exteriores con aberturas O 
sin resistencia contra el fuego — incluidos sus elementos estructu- 
rales y rigidizadores— deben disponer de una distancia de seguri- 
dad (5 т) y una capacidad de resistencia contra el fuego de las 
construcciones anexadas. 

Para edificios de las clases 1-3 (MBO), así como para superficies 
parciales de cubiertas, son posibles excepciones a estas exigencias. 


alies 4196,5 
Junta Separador de Junta estanca 
estanca chapa de acero Marco de 
estan erfiles tubulares 
Marco de ra i En 56 acero 
Бетте Marco de perfiles Cerco plancha 
ini агі р 
aluminio y аго tubulares de acera || | de acero 
2115 _Obra de fábrica ,2115_ Obradefábrica 2100 Placas de 
2100 Hormigón 2100 Hormigón cartón yeso 
G 30 G60 G90 


(1) Acristalamientos de la clase de resistencia contra el fuego PF 


=з 
1 Angular de acero 50 х 55 т\т; longitud > 100 mm, mínimo cuatro unidades por paño de vidrio 


2 Tacos aprobados para protección contra incendios y tornillos de acara M10 
3 Pletina de acero рага la fijación del muro de bloques de vidrio (soldado) 


12) Detalles de construcción de acristalamiento parallamas con bloques de vidrio 


Duración de resistencia 
contra el fuego en minutos 
DIN 4102/ 

DIN EN 13501-2 


Vidrios RF RF30/ | АЕ 60/ |RF90/ | ВЕ 120/ | RF 180/ 
E130 El 60 El 90 El 120 El 180 

Vidrios PF PE30/ |PF60/ |PF90/ | PF120/ | PF 180/ 
E30 Е 60 Е 90 Е 120 Е 180 


Clasificación de resistencia contra incendios de elementos de construcción 
según DIN EN 13501-2 y DIN 4102-2, 3 ,5: 1977-09 


Nota: Los siguientes párrafos describen la situación legal en Alema- 
nía. Es indispensable consultar la normativa vigente de cada país. 


Acristalamientos PF — © 

Como acristalamientos de la clase PF (parallamas) son válidos los 
elementos constructivos transparentes en posición vertical, inclinada 
u horizontal que, por su resistencia al fuego, evitan la propagación 
del fuego y del humo, pero no la transmisión de radiación de calor. 


Construcción 
Para la producción de acristalamientos PF pueden considerarse las 
siguientes construcciones: 


- Pavés según DIN 18175. - 


- Vidrio armado con malla soldada puntualmente. 

- Combinaciones elaboradas de vidrio templado en compuestos de 
vidrio laminado. 

- Vidrio de borosilicato pretensado como, p. ej., Pyran. 


Aplicación 

Las normativas vigentes solo permiten la instalación de los vidrios 
PF en lugares que no presenten mayores exigencias de protección 
contra incendios. 

Un campo de aplicación típico para vidrios parallamas es la 
instalación en huecos de luz de muros de pasillos, que constituyen 
los cerramientos laterales del recorrido de evacuación y, por 
tanto, tienen que ser retardantes del fuego (F 30). La cota inferior del 
vidrio tiene que situarse como mínimo a 1,8 m sobre el suelo terminado, 
para que el pasillo pueda utilizarse en caso de incendio a la sombra 
de la radiación. 


Por ello, los acristalamientos PF se utilizan en fachadas de edificios 
en altura, que tienen sectores de incendio distribuidos horizontal- 


mente, para evitar una propagación vertical de las llamas de planta ` 


a planta => pág. 258. No obstante, en edificios con esquinas interio- 
res solo puede evitarse la propagación del incendio en el plano de 
ventanas instalando vidrios RF (cortafuegos). 


PROTECCIÓN CONTRA INCENDIOS 
ACRISTALAMIENTO RESISTENTE AL FUEGO 


Los acristalamientos contra incendios son elementos translúcidos 
compuestos por vidrios especiales (tamaños de vidrios de aprox. 
1,2 x 2,4 т) en carpinterías térmicamente separadas y que corres- 
pondiente a su clasificación pueden resistir al fuego, colocados en 
elementos constructivos firmes, 30, 60, 90 o 120 min. 

Los acristalamientos contra incendios son elementos constructi- 
vos que requieren obligatoriamente autorización. La autorización 


la consiguen los fabricantes ateniéndose a los certificados de ho- * 


mologación de construcciones que forman parte de un sistema 
constructivo—> pág. 521. 

Muchos acristalamientos contra incendios no son resistentes a los 
rayos UV, lo que se debe tener en cuenta al utilizarlos en el exterior. 
Los acristalamientos contra incendios están clasificados en cla- 
ses de resistencia frente al fuego según DIN EN 13502-2 y 
DIN 4102-13 > Ө. 


Acristalamientos RF 

Se denominan acristalamientos contra incendios de la clase RF 
(cortafuegos) a los elementos constructivos transparentes en po- 
sición vertical, inclinada u horizontal, que, según su resistencia al 
fuego, evitan la propagación del fuego y del humo, al igual que 
la transmisión de radiación de calor. Durante el tiempo comple- 
to de resistencia al fuego debe mantenerse un aislamiento térmico, 
esto significa que las superficies del acristalamiento ВЕ аі lado 
opuesto del fuego no se deben calentar más de un valor indicado 
(140 K). En una prueba de resistencia debe comprobarse y garan- 
tizarse, además, la seguridad estructural bajo peso propio. Los 
acristalamientos RF se vuelven opacos en caso de incendio y téc- 
nicamente se comportan como muros ante un incendio. | 


Construcción . 

Para la producción de acristalamientos RF pueden considerarse 

los siguientes: 

- Vidrios templados en forma constructiva de vidrios aislantes, en 
los cuales el espacio intermedio se rellena con una sustancia 
orgánica acuosa (gel). 

- Acristalamientos de múitiples hojas, con 3 o 4 capas de vidrio 
flotado, que entre capa y capa tienen un compuesto inorgánico 
(p. ej., silicato de sodio) con un efecto retardante al fuego. 

La colocación se realiza según el documento de idoneidad técnica 
en tabiquería seca, obra de fábrica, hormigón armado, etc. 
En caso de incendio, la hoja de vidrio orientada al fuego revienta y 
el silicato de sodio comienza a espumar o, según el caso, el gel 
puede compensar el calor del incendio mediante hidratación (el gel 
en sí mismo está compuesto por un polímero con una solución 
salina inorgánica. En caso de incendio se forma una capa aislante 
térmica, y el vapor de agua consume considerables cantidades de 
energía. Este procedimiento se repite en cada capa hasta que el 
gel de la cámara del acristalamiento se haya consumido por com- 
pleto). El vidrio se colorea y se vuelve opaco debido a la combustión 
de la superficie ignífuga. 


Aplicación 

Principalmente se utilizan acristalamientos RF en interiores, pero 
se están produciendo avances para su uso también en exteriores. 
Puesto que en el lado opuesto al fuego, los vidrios mantienen du- 
rante el tiempo correspondiente a su clasificación temperaturas 
más bajas que el punto de ignición, además de los perfiles de 
acero, para la carpintería pueden utilizarse maderas duras. En las 
clasificaciones contra incendios de puertas T, para los acristala- 
mientos rigen las mismas exigencias que para la clase de resisten- 
cia al fuego RF. 
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Cierrapuertas según DIN 18263 =F 


Medida de obra bruta 


Paso libre 


Medida directriz de obra 
35; Paso libre 38 


Pestillo 


DM | | al 


Pastillo 


Q Ejemplo de puerta P 30-2 


Resistencia al fuego 
en min 

DIN 4102/ 

DIN EN 13501-2 


ten sentido del interior al exterior 
2 еп sentido del exterior al interior 


Clasificaciones de resistencia al fuego de puertas cortafuegos según 
DIN EN 13501-2: 2008-01 y DIN 4102-2, 5: 1977-09 


Anchura (medida 
directriz de obra) 
mm 


Altura (medida 
directriz de obra) 


mm 


1.750-2.250 
1.750-2.250 


1.750-2.125, 


acristalada 

Puerta de carpintería metálica T30- 
con tarjas superiores y laterales con 
acristalamiento fijo 


625-1.250 


Puerta de vidrio T30- 


Puerta de vidrio T30-2 


1.250-2.500 


Puerta de materiales derivados de la 
madera T60/T90-1, incluidas puertas 
con mirilla acristalada 


Puerta de materiales derivados de 
la madera T60/T90-1 (véase arriba), 
соп tarja superior 

Portón enrollable T90/T120 


Portón corredero de acero 
T30/T60/ Т90 


Se indican las medidas autorizadas respectivamente más pequeñas y más grandes 
(medidas directrices de obra) en mm 

Puerta de una hoja resistente al fuego T30-1 

Puerta de dos hojas resistente al fuego T30-2 

Puerta de una hoja altamente resistente al fuego T60-1 


"Puerta de dos hojas altamente resistente al fuego T60-2 


Puerta de una hoja cortafuegos T90-1 
Puerta de una hoja cortafuegos 790-2 


13) Dimensiones para cierres cortafuegos homologados (selección) 
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PROTECCIÓN CONTRA INCENDIOS 
i PUERTAS CORTAFUEGOS 


Nota: Los siguientes párrafos describen la situación legal en Alema- 
nia. Es indispensable consultar la normativa vigente de cada país. 


En paredes o forjados divisorios con exigencias de resistencia con- 
tra el fuego, los cierres cortafuegos tienen la función de resistir al 
fuego según su clasificación > Ө. 

Utilización (selección) 

Si las autoridades competentes permiten la construcción de huecos 
en muros cortafuegos en el interior de edificios, estos deben es- 
tar equipados con cierres cortafuegos estancos y automáticos 
(р. еј., puerta Т90). Los huecos en particiones resistentes al fuego 
deben estar equipados al menos con cierres resistentes al fuego 
(p. ej., puerta T30). 

Sótanos, desvanes no habitables, talleres, tiendas, etc., tienen 
que tener acceso desde la caja de escaleras a través de puertas de 
cierre automático estancas al humo y resistentes al fuego (p. ej., 
puerta T30). 

Las puertas entre cajas de escalera protegidas y pasillos prote- 
gidos al igual que para la división de pasillos protegidos de más 
de 30 m de longitud tienen que ejecutarse con cierre automático y 
estancas al humo -> pág. 520. 

Componentes 

Las puertas cortafuegos son una unidad compuesta de: hoja u 
hojas, acristalamiento (si se da el caso), cerco correspondiente y 
sus anclajes, bisagras, dispositivos de cierre automático en forma 
de bisagras con muelles o autocierre, dispositivos de coordina- 
ción de cierre en puertas de dos hojas, los dispositivos especiales 
en puertas correderas, basculantes o enrollables, dispositivos de 
retención electromagnética con los componentes para su liberación 
para puertas que permanecen habitualmente en posición abierta por 
razones de uso y que, por tanto, solo se cierran en caso de incendio 
al igual que mecanismos de automatización eléctricos y de otro tipo. 
Diseños de ejecución i 
Cierres resistentes al fuego pueden ejecutarse como registros de 
una hoja, dimensiones de hasta 62,5 x 175 cm, puertas batientes 
o correderas de una o dos hojas (también de carpintería metálica 
con, en parte, acristalamiento de gran formato, construcciones de 
madera o materiales derivados de la madera y puertas de vidrio 
especial) en dimensiones de hasta 250 x 250 cm o en forma de 
portones correderos, basculantes y enrollables con dimensiones 
mayores a 250 х 250 ст Ө. 

Certificado de la evaluación técnica favorable de la aptitud 
Puertas de acero que cumplan las prescripciones de la norma DIN 
18082-1 o 18082-3 se consideran puertas T30 según DIN 4102 sin 
comprobaciones especiales — @. 

Para todas las demás puertas resistentes al fuego es necesario un 
certificado de evaluación técnica de la aptitud dentro del marco de 
un ensayo efectuado por la autoridad técnica para la homologación 
de productos de construcción y una clasificación según la norma 
DIN4102 о DIN ЕМ 13501— pág. 521. 

Ya que existe una interacción entre pared y cierre, se ensayarán 
siempre las puertas resistentes contra el fuego en conjunto, con la 
construcción de pared respectiva para la cual deba homologarse. 
Los detalles en cuanto a los certificados de la evaluación técnica de 
aptitud necesarios están comprendidos en la Lista de normas téc- 
nicas para la construcción del Instituto Alemán de la Construcción 
(DiBt) > pág. 521. 

Puertas con características de control de humos 

En determinadas situaciones, las autoridades de contro! de obras 
exigirán puertas con características de control de humos (DIN 18095), 
que, montadas y en posición cerrada, obstaculizan el paso de humo 
(véase arriba). Las puertas de control de humos requieren también 
un certificado de evaluación técnica de aptitud (véase arriba). Las 
puertas resistentes al fuego generalmente son también puertas de 
control de humos según la norma DIN 18095. 


Empalme manguera 


Lanza 


Manguera plana 
sobre devanadera 


Armario de 
chapa de acero 


rn 


Alzado Sección 


Columna 


Válvula y 
manómetro 
Vaciado 
Armario de 


chapa 
de acero 


Alzado 


7o 


mrn 


Sección к—30—{ 


Válvula y manómetro para la alimentación de columnas secas con agua 
de extinción 


2 impulsiones/ 


2 impulsiones/ extracciones 


extracciones de aire 
de aire 

Toma de agua 
Columna de uso constante 
“seca” 


5 Columna “Һотеда". 1 
Тота de agua i 
para manguera 

(boca de incendio) 


Toma de agua 
para manguera 
(boca de incendio) 


Tubería de 
alimentación 


V Inst. agua 


Contador de agua 
doméstica 


Válvula antirretorno 


Válvula antirretorno 
con llave de vaciado 


Almacenaje de 
agua de extinción 


Ө Columna “seca” (4) Columna “húmeda” 
2 impuisiones/extracciones de aire 


Dispositivo de cierre seguridad con acoplamiento fijo y 
accionamiento automático de la llave de llenado y vaciado 
en conexión con las tomas de manguera (bocas de incendio) 


Columna “húmeda/seca” 


Cuadro 


Desviación se seguridad (bypass) 
eléctrico бы pr І 


de accionamiento manual 
instalación de agua doméstica 


Vaciado 


Ud. de llenado y vaciado, (salida libre) 


accionam. a distancia 


Válvula 
antirretorno 


Ө Columna “húmeda/seca”. Ejemplo para DN 50 hasta 150, PN 16 


PROTECCIÓN CONTRA INCENDIOS 


REDES DE ABASTECIMIENTO DE AGUA CONTRA 
INCENDIOS 


Nota: Los siguientes párrafos describen la situación legal en Alema- 
nia. Es indispensable consultar la normativa vigente de cada país. 


Las redes de abastecimiento de agua contra incendios son 
tuberías fijas montadas en edificios con racores para mangueras 
contra incendios en las bocas de salida. Sirven para conducir la 
cantidad suficiente de agua a las plantas y a los respectivos sec- 
tores de incendio con el fin de poder extinguir incendios en el 
edificio. Las redes de abastecimiento de agua contra incendios 
están prescritas por las autoridades de control de obras en algunas 
normativas especiales de construcción y también pueden ser exi- 
gidas para edificios normales. 


Sistemas 

Según el modo de alimentación con agua se distinguen los siguien- 
tes sistemas: 

Las instalaciones fijas con columnas secas — €) son redes de abas- 
tecimiento de agua contra incendios que los bomberos alimentan 
con agua en caso de necesidad mediante bombas de agua. El agua 
se saca generalmente de la red pública de suministro de agua pota- 
ble mediante bocas de riego o de hidrantes exteriores. 

Las columnas secas no están directamente conectadas a la red de 
suministro de agua potable. Deben tener un diámetro nominal 
de 80 mm como mínimo, poder drenarse y disponerse en los extre- 
mos de las tuberías de dispositivos de ventilación automáticos. 
Las instalaciones fijas con columnas húmedas — Ө son redes de 
abastecimiento de agua contra incendios que se encuentran conti- 
nuamente bajo presión con agua para incendios y, por tanto, están 
inmediatamente listas para su uso. En las bocas de salida de cada 
planta cuentan con bocas de incendio equipadas — @ con man- 
gueras empalmadas listas para su uso, insertadas en hornacinas, 
armarios empotrados o en la pared. . 

Está terminantemente prohibido dejar agua estancada еп las 
redes de abastecimiento de agua contra incendios 

Por ello, las columnas húmedas generalmente están abastecidas por 
una acometida común en un sistema combinado con la red de agua 
potable del edificio, que debe estar dimensionada de modo que el 
consumo de agua potable no pueda poner ей peligro la protección 
contra incendios en ningún momento. Por ello, según las circunstan- 
cias, pueden ser necesarias varias acometidas en proyectos de 
mayor dimensión. 

En sistemas combinados se requiere la renovación continua del 
agua en la red de abastecimiento de agua contra incendios para 
garantizar la calidad del agua potable en la instalación. Para ello, en 
el extremo superior de la tubería hay que disponer una toma de agua 
de uso continuo o un dispositivo (automático) de recirculación. 

Las instalaciones fijas con columnas húmedas/secas o de preacción 
> Ө son redes de abastecimiento de agua contra incendios que 
normalmente están vacías y que se alimentan con agua de la red 
pública en el momento de necesidad mediante dispositivos de ac- 
cionamiento a distancia. 

Aunque el agua también está a disposición con un ligero retardo 
para la extinción del incendio, se evitan las desventajas de sistemas 
combinados (agua potable estancada en los montantes, riesgo de 
heladas). 

Todos los conductos para el abastecimiento de agua contra incendios 
tienen que montarse con pendiente en dirección de la válvula de 
desagúe. Los tamaños de las tuberías para el abastecimiento de agua 
contra incendios no deben ser inferiores que los diámetros nomina- 
les mínimos prescritos en las normas correspondientes. Los racores 
fijos de la toma de alimentación tienen que quedar a 800 + 200 mm 
sobre rasante según la norma DIN 14461-2 => @. 

El montaje de tuberías en rozas debe preservar los grosores de las 
paredes exigidos por las normas de protección contra incendios. 
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—=EROV 


Canto interior 
de la campana de 
humo y calor 

(zona de humo) 


Sectorización 


Entrada de aire 


(1) Disposición de exutorios en cubiertas de naves (ejemplo) 


Modo de funcionamiento Riesgo 
de incendio 
Escuelas (ciertas áreas) 


он? 
OH2 
OH3 


Riesgo bajo de incendio 


Riesgo medio de incendio | Cementeras 
Laboratorios fotográficos 
Tintorerías 

Talieres de lacado (sustancias 
solubles en agua) 


Оона 


imprentas 
Producción de vehículos 
Producción de ruedas 

(para turismos/camiones) 
Producción pirotécnica 


Riesgo alto de incendio 


Para la clasificación en grupos de productos almacenados deben determinar además 
—sobre todo en mezclas de materiales— el embalaje (combustible/no combustible), el 
sistema de embalaje (p. ej., palé de madera/sacos/cartones/latas) al igual que la pro- 
porción del volumen y del peso de materiales sintéticos 


Altura Capa 
cálculo cálculo 
techo humo 
bím) а(т) 


Riesgo de Altura máxima 
incendio almacenamiento 


Relación entre el riesgo de incendio (Ri) y 
el grupo de dimensionado (GD), ejemplo 


Asignación de los riesgos de incendio a 
las clasificaciones de diseño (ejemplo) 


Nota: Los siguientes párrafos describen la situación legal en Alemania. Es indispensable 
consultar la normativa vigente de cada país. 


El fundamento para dimensionar un sistema de extracción natural de humos y calor es el 
cálculo del área libre (aerodinámica) de las aperturas de los exutorios (superficie de 
evacuación de humos). 

Para ello debe determinarse de antemano: la clasificación de riesgo del uso respectivo 
del local con relación a la velocidad de propagación del fuego en combinación con el 
peligro de incendio correspondiente, el grosor de la capa de humo teórica (mín. 2,5 m), 
dimensiones y altura de montaje (distancia del canto superior al nivel inferior de la capa 
de humo calculada) y área de los huecos de ventilación (superficie de impulsión de 
aire generalmente 1,5 veces la superficie de extracción de humos). 

La superficie del local del que debe evacuarse el humo (locales de > 1.600 m? tienen que 
compartimentarse mediante barreras de humo fijas o móviles en sectores de humo; en 
este caso, el canto inferior de la barrera de humo) depende de la altura teórica del techo. 
Considerando la altura del local y el grosor de la capa de humo teóricos, a partir de una 
tabla puede deducirse el área del hueco necesario para cada sector de humos y elegir el 
aireador extractor de humos y calor (exutorio) correspondiente. 

Los exutorios deben repartirse homogéneamente en cada sector de la cubierta y, como 
mínimo, se montará un exutorio de 200 тг. 

Además, deben mantener las distancias entre los dispositivos y a los márgenes de las 
cubiertas (5 m < a < 20 т) al igual que a los muros cortafuegos (5 т), para, en caso de 
incendio, reducir el peligro de que se extienda el fuego. 

En cubiertas inclinadas los exutorios se colocarán en el punto lo más айо posible; en las 
de gran inclinación, (p. ej., en diente de sierra) debe evaluarse especialmente mediante 
cálculo. 3 

Cada exutorio individual tiene que cumplir las dimensiones mínimas (агдо = ancho = 
1 т) y no exceder ciertas medidas máximas. Para ello es apropiado prever un número 
mayor de exutorios en huecos pequeños. 


Dimensiones de un aireador extractor de humos y calor natural según 
DIN 18232 у VdS СЕА 4001: 2005-09 (02) 


528 


PROTECCIÓN CONTRA INCENDIOS 


AIREADORES EXTRACTORES DE HUMOS Y CALOR 
MECÁNICOS 


Los sistemas de control de humos y calor constan del dispositivo 
aireador extractor de humos y calor, además de elementos de disparo 
y control, motores de apertura, conductos de energía, abastecimiento 
de aire de impulsión y, quizá, barreras contra humos y demás 
accesorios al respecto. Los sistemas de control de humos y calor 
deben evacuar humos y calor en caso de incendio. Ayudan a 
mantener sin humos los itinerarios de evacuación y las vías de 
aproximación de los bomberos, facilitan las labores de extinción 
creando una capa con carga reducida de humos, retrasan o impiden 


el flash-over y, con ello, el incendio profundo, protegen equipamientos, 


menguan secuelas del incendio, como daños por gases de combustión 
y productos resultantes de la desintegración térmica, al igual que 
reducen la solicitación por fuego de los elementos constructivos. 


Se distinguen diferentes sistemas: 

Aireadores extractores de humos naturales basados en el principio 

de ascensión térmica de los gases de combustión (p. ej., lucer- 

narios). Su efecto depende de: 

- el área libre aerodinámica de su abertura 

- la influencia del viento 

- el tamaño de los huecos de entrada de aire de impulsión 

~ el momento de su apertura 

-la situación de su montaje (р. ej., distribución y dimensiones del 
edificio). 

En aireadores extractores de humos mecánicos los gases de com- 

bustión se extraen de modo motorizado (p. ej., mediante ventila- 

dores). 

Los aireadores extractores de calor son huecos en paredes o 

cubiertas que se abren automáticamente en caso de incendio (p. ej., 

mediante la fundición de juntas) y evacuan el calor generado por el 

fuego. 


Aplicación y dimensionado 
La MBO prescribe generalmente la aplicación de instalaciones de ex- 
tracción de humos en ciertos ámbitos: en edificios con cajas de 
escaleras interiores y en edificios de más de cinco plantas sobre 
rasante tiene que disponerse en el punto más alto de la caja de 
escaleras un exutorio de humos (mín. 1 m3) que debe poderse abrir 
desde la planta baja y el descansillo más alto de la escalera. En 
cajas de ascensores deben preverse exutorios de humos (2,5 % 
de la superficie en planta de la caja del ascensor, mín. 0,1 m3). 

Para edificios de usos especiales (locales de espectáculos y 

reunión, complejos industriales, etc.) podrá exigirse una aplica- 

ción más extensa en consideración de las ordenanzas corres- 

pondientes — Q - Ө. 

Deben preverse aireadores extractores de humos y calor en: 

- el ámbito de locales comerciales (de una planta), locales de pro- 
ducción y almacenamiento con superficies y dimensiones extre- 
madamente grandes 

- en edificios con itinerarios de evacuación extremadamente largos, 
si estos no pueden mantenerse libres de humo de otra manera y 
durante el tiempo necesario 

- en edificios en los cuales, debido a directrices existentes, se re- 
quiere una protección especial 

- en edificios con materiales o equipamientos especialmente valiosos 
y sensibles al humo, si se dan razones especiales para una pro- 
tección superior del objeto. 

En el caso general, una instalación de aireadores extractores de 

humos y calor se dimensiona determinando una capa libre de humo 

y calculando a continuación el área libre aerodinámica del hueco del 

exutorio -> Ө (como proporción % de superficie en planta del espa- 

cio que se ha de librar de humos al área libre eficiente del exutorio). 

Los valores exigidos se han fijado según los campos de aplicación 

en las ordenanzas correspondientes. 


Sistema 


Funcionamiento de una instalación de sprinklers: sistemas de tubería 
húmeda y seca 


Zona protegida por 


опа protegida por un 
7 i un sprinkler normai 


prinkder tipo paraguas 


1————————һаҝа 3,75 т————— 
_— 


——————— 65 _——— 4,45 mc 


Nota: Los siguientes párrafos describen la situación legal en Alema- 
nia. Es indispensable consultar la normativa vigente de cada país. 


Características de descarga de rociadores de cobertura extendida 
y convencionales (ejemplos) 


Dimensiones de instalaciones de sprinklers 

El dimensionado de instalaciones de sprinklers depende del riesgo 
de incendios existente en el ámbito a proteger. Este se define en 
las del VdS— pág. 520 y se clasifica en categorías (LH, OH, HHP, 
HHS) para zonas que deben protegerse mediante sistemas de 
sprinklers. 

Otros valores de diseño para el dimensionado de instalaciones de 
sprinklers son: el área de operación que puede abastecerse con 
el caudal de agua calculado, la cobertura máxima de cada sprinkler 
depende del tipo de sprinkler y del riesgo de incendios; el caudal 
total, es decir, la cantidad de agua que se rocía cada minuto sobre 
la superficie que se ha de proteger, al igual que el tiempo de acción, 
en el cual tiene que estar disponible el caudal total de agua de 
extinción. 


riesgo de 
incendio 


de agua 
(mínimo) 


44 
1 


18 
CEIM а 


О 
0 


Caudal de agua de extinción y cobertura para tas clasificaciones de riesgo de 
incendios LH (Low Hazard), OH (Ordinary Hazard) y HHP (High Hazard) según 
VdS CEA 4001:2003-01 


PROTECCIÓN CONTRA INCENDIOS 
SPRINKLERS 


En el ámbito de las medidas técnicas de protección contra incendios, 
los sistemas de sprinklers se consideran instalaciones de extinción 
automática. Consisten en una red de tuberías fijas presurizadas a 
las que se montan sprinklers a distancias regulares. Por razones 
de revisión, la red debe estar a la vista o en el espacio ciego de 
falsos techos, y se conecta generalmente mediante un contenedor 
intermedio a la red pública de abastecimiento de agua potable. 
Si, debido a la acción del fuego, la temperatura ambiente excede 
una temperatura de disparo prefijada en los sprinklers (aprox. 
30 °С por encima de la temperatura ambiente máxima previsible), 
se accionan sus dispositivos de apertura, el agua presurizada sale 
de la tubería al sprinkler y se descarga sobre el deflector cubriendo 
Una cierta superficie. A cada instalación de sprinklers se le agrega 
un sistema de alarma mecanicoacústico. 


Aplicación 

La aplicación de sistemas de sprinklers es necesaria en muchos 
casos, siempre y cuando no se puedan cumplir las exigencias de 
protección contra incendios o itinerarios de evacuación. 

Para varios proyectos de edificios especiales (p. ej., almacenes, 
hoteles, rascacielos, hospitales, centros comerciales, etc.) se 
exige de antemano el montaje de sistemas de sprinklers. Los 
detalles para el proyecto de puesta en obra están reglamentados 
en las ordenanzas y directrices correspondientes. 


Sistemas 

Sistemas de sprinklers de tubería húmeda — @ son el tipo de 
sistema más extendido; tienen una red situada tras la válvula de alar- 
ma de tubería húmeda que está constantemente cargada con agua. 
Cuando se dispara un sprinkler, el agua se descarga inmediata- 
mente, sin retardo. 

Sistemas de sprinklers de tubería seca — @ son instalaciones 
en las que la red de tuberías situada tras una denominada válvula 
de alarma está llena de aire presurizado que impide el paso del 
agua a la red de los sprinklers. Cuando un sprinkler se dispara, el 
aire presurizado se libera. El agua de extinción se descarga con 
retardo tras desplazar el aire de las tuberías. Los sistemas de 
sprinklers con tuberías secas se emplean sobre todo en zonas con 
peligro de heladas. 

Los sistemas secos de respuesta rápida son sistemas de tubería 
seca con bajo retardo en los cuales la apertura de la válvula de 
alarma ya se abre antes del disparo de un sprinkler mediante sis- 
temas de detección de humo y fuego adicionales. 

Instalaciones alternas subsidiarias son sistemas de tubería seca 
(р. ej., en zonas de un edificio con riesgo de heladas) conectados 
al sistema de tubería húmeda montado en otras partes del edificio. 
Sistemas de preacción son sistemas de tubería seca que (para 
evitar falsas alarmas, p. ej., a causa de algún sprinkler defectuoso) 
solo pueden ponerse en acción mediante una central automática 
de detección y de alarma de incendios en combinación con un 
sprinkler disparado. 

Sprinklers 

La construcción más extendida es el denominado sprinkler de 
ampolla, que cuenta con una ampolla de vidrio como elemento de 
apertura termosensible, al igual que el sprinkler de fusible, cuyo 
elemento de apertura se abre con el calor. Según el tipo de descar- 
ga se distinguen: sprinkler convencional > Ө con una descarga 
del agua esférica dirigida al suelo y al techo. Pueden aplicarse en 
forma montante o colgante. Sprinklers de cobertura extendida 
= Ө con una descarga parabólica dirigida hacia el suelo. Pueden 
aplicarse en forma montante o colgante. Además se comercializan 
sprinklers de pared y otras variantes especiales (р. ej., sprinklers 
de gran alcance). 
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Nota: Los siguientes párrafos describen la situación legal en Alemania. 
Es indispensable consultar la normativa vigente de cada país. 


Sistemas de extinción mediante agua pulverizada 

Son instalaciones de abastecimiento de agua con tuberías fijas, en las 
que se colocan boquillas abiertas a intervalos regulares. La red de tube- 
rías no está llena de agua cuando la instalación se pone en marcha. Una 
vez activada la instalación, fluye el máximo caudal de agua a la red de 
boquillas de pulverización. 

El caudal de agua impulsado depende de la forma y del tamaño de la 
sala que hay que proteger, del tipo de edificio, del tipo y cantidad de los 
enseres a proteger, de la altura y la forma de almacenamiento y de la 
influencia del viento, y debe rondar entre los 5 y 60 Итіп y m?. 

En instalaciones divididas por grupos, la superficie que debe protegerse 


por grupo es, por lo general, de entre 100 y 400 m?. El área de aplicación. 


en locales > 200 m? dividido en superficies de aplicación por grupos se 
computa a partir de las dos superficies de aplicación con la mayor de- 
manda de agua. En la determinación de la superficie total que hay que 
proteger, deber partirse de la propagación del incendio entre las super- 
ficies de aplicación por grupos. En tal caso, deben abastecerse simul- 
táneamente todas las superficies.de aplicación incluidas en un radio de 
7 m alrededor del posible origen del incendio más desfavorable. 

Los sistemas de extinción mediante agua pulverizada se instalan, р. еј., 
en aeropuertos, instalaciones de incineración y almacenaje de basuras, 
escenarios, transformadores, almacenes y contenedores de líquidos 
combustibles, canales de cables, silos de virutas, fábricas de tableros 
aglomerados, centrales eléctricas, salas de compresores hidráulicos, 
fábricas pirotécnicas y fábricas de munición. (Extractos de la norma DIN 
1988, T 6, DIN 14494, VDS 2109 8/90). 


Instalaciones de extinción automática mediante reducción 

del oxígeno de combustión 

La eficacia de este tipo de instalaciones se basa sobre todo en la reduc- 
ción del contenido en oxígeno del aire hasta un valor en el cual ya no es 
posible el proceso de combustión. К 5 
Es muy frecuente la utilización de anhídrido carbónico como agente 
gaseoso de extinción. Las instalaciones de extinción por CO, tienen la 
función de extinguir incendios en la fase de ignición y de mantener una 
concentración altamente eficaz de CO, en el aire hasta que se haya 
eliminado el riesgo de que se reavive el incendio. Al ser un gas, el CO, 
se extiende de un modo uniforme e inmediato por toda la zona de in- 
cendio, protegiendo así todo el espacio. Una instalación de CO, se 
compone fundamentalmente de los contenedores de gas con la reserva 
correspondiente de agente extintor, las correspondientes válvulas ne- 
cesarias y una red de tuberías fijas con'boquillas abiertas, distribuidas 
adecuadamente en la zona que hay que proteger, así como dispositivos 
de detección, control, alarma y disparo. En las instalaciones destinadas 
a la protección de locales, no puede asignarse una superficie superior a 
30 m? a una boquilla. En los espacios de más de 5 m de altura, las bo- 
quillas destinadas a distribuir el CO, no solo deben colocarse en la 
parte superior del espacio que hay que proteger, sino también aprox. a 
1/3 de la altura de la sala. 

El CO, es un medio de extinción apropiado para los siguientes objetos 
o materiales: líquidos combustibles u otros materiales, que en caso de 
incendio se comportan como líquidos combustibles, gases combustibles, 
cuando no existe el peligro de que, una vez apagado el fuego, pueda 
formarse una mezcla de aire y gas inflamable; dispositivos eléctricos y 
electrónicos; sólidos combustibles, como madera, papel y textiles, te- 
niendo en cuenta que la combustión de estos materiales exige una 
concentración más elevada de CO, y mayor tiempo de aplicación. 

El CO, no es apropiado para la extinción de: incendios graves de ma- 
dera, papel, textiles y demás; materiales y productos químicos oxigena- 
dos; materiales y sustancias químicas que reaccionan con СО, (р. еј., 
metales alcalinos e híbridos metálicos). En el montaje de instalaciones 
de extinción por anhídrido carbónico deben tomarse precauciones de 
seguridad especiales, ya que las concentraciones para la extinción de más 
dei 5 % son mortales ý tienen efectos altamente corrosivos. Por ello, 
solo están autorizadas para su montaje empresas reconocidas por las 
autoridades competentes. (Extracto de VDS 2093:2006-09 [02]). 
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PROTECCIÓN CONTRA INCENDIOS 
OTRAS INSTALACIONES DE EXTINCIÓN 


Sistema fijos de extinción por polvo 

Los polvos de extinción son mezclas químicas homogéneas apropiadas 
para combatir un fuego. Sus principales componentes son carbonato 
de potasio/calcio, sulfato de potasio, cloruro de potasio/calcio, fosfa- 
to de amonio. 

Como polvo de extinción puede emplearse, en condiciones normales, 
desde una temperatura de -20 hasta +60 *C, y se utiliza tanto en el 
interior de edificios como en instalaciones industriales al exterior. 

Los polvos de extinción son apropiados en incendios que afectan a los 
siguientes materiales o instalaciones: sólidos combustibles como ma- 
dera, papel, textiles, aunque en cada caso hay que emplear el polvo 
de extinción adecuado al respecto; líquidos combustibles u otros 
materiales que, en caso de incendio, se comportan como líquidos 
combustibles; gases combustibles, metales combustibles como alu- 
minio, magnesio y sus aleaciones, aunque en este caso solo pueden 
emplearse unos polvos especiales. 


Ejemplos de instalaciones industriales en las que se emplean instala- 
ciones fijas de polvos de extinción: plantas químicas y sus instalaciones 
de procesamiento, depósitos subterráneos de petróleo, fosos para 
contenedores, estaciones de llenado, unidades de condensación, 
unidades de bombeo, unidades de transferencia de petróleo y gas. 


En las siguientes instalaciones, dispositivos y zonas no debería em- 
plearse polvo de extinción: instalaciones, máquinas y dispositivos 
sensibles al polvo, así como instalaciones eléctricas de bajo voltaje 
(instalaciones de telecomunicación, equipos de procesamiento de 
datos, instalaciones de regulación y medida, cuadros eléctricos con 
protectores y relés, etc.); objetos o zonas con riesgo de incompatibili- 
dad química entre el agente de extinción (peligro de reacciones quími- 
cas) y los materiales almacenados. (Extracto de VdS 3038). 


Sistema fijo de extinción por espuma física $ 

El agente de extinción “espuma física” se genera espumando una 
mezcla de agua y productos espumógenos con aire. 

Los espumógenos están compuestos por productos obtenidos por i 
síntesis de la albúmina solubles en agua, y contienen, dado el caso, 
productos fluorados adicionales. Los espumógenos polivalentes sirven 
para producir espuma pesada, media y ligera. Los espumógenos con 
proteínas o fluoroproteínas solo sirven para producir espuma pesada. 
Los sistemas fijos de extinción por espuma física se emplean para 
apagar incendios en edificios y espacios interiores y exteriores. También 
pueden emplearse para cubrir superficies a modo preventivo. 

En el caso de aplicación con líquidos que desintegran espumas, p. ej., 
alcohol, éter, acetona, etc., deben tomarse medidás especiales. 

El sistema fijo de extinción por espuma física debe estar dimensiona- 
do para que, en caso de incendio, llegue suficiente espuma de extin- 
ción a la zona protegida; es decir, que se cubra con eficacia la zona 
afectada. 

Las características fundamentales de los sistemas fijos de extinción 
por espuma son: caudal de agua, cantidad necesaria de espumógeno, 
proporción del volumen de espuma y mezcla de agua con espumóge- 
no, tiempo mínimo de funcionamiento. En sistemas de espuma pesada 
y media, la espuma debe poder cubrir eficazmente toda la superficie 
correspondiente; deben tenerse en cuenta el alcance de lanzamiento, 
los posibles obstáculos y la distancia hasta el objeto a proteger, al igual 
que sus características. 

En los sistemas de espuma ligera, la espuma debe llenar eficazmente 
el edificio o local correspondiente. 

Si se protegen varios objetos independientes con un sistema de extin- 
ción por espuma pesada o media, la cantidad de agua necesaria de- 
pende del objeto mayor. El aprovisionamiento de agua debe estar 
previsto para un mínimo de 120 min en los sistemas de espuma pesa- 
da y de 60 min en los de espuma media. 


DIN EN 12056 
DIN 1986-100 


12) Sistema mixto y separativo [11] 


=== 


E 


© Sistema de dəsagüe ! [12] 


Sistema | Bajante única, ramal de descarga parcialmente 
lleno, nivel de llenado 0,5 
Я Bajante única, ramal, parcialmente lleno 
Sistema II е 
nivel de llenado 0,7 
Sistema III Bajante única con ramal totalmente lleno 
nivel de llenado 1 
т Separación en dos sistemas de bajantes 
Sistema IV Е 
(aguas grises, aguas negras) 


' П з 
, 
з 


f DIN EN 752 


| ОІМ 1986-100 | 
‹ DINEN 1610 1 
1 АТУ А 127 [ 
ATV А 139 
ATV A 142 


(1) Ámbitos de validez de normas y directrices [12] 


Aguas mixtas 


Alcan- 
tarillado 


Aguas residuales 


Aguas pluviales 


== WEA 


Ө Sistema de desagüe Iv [12] 


(5) Sistema de desagúe permitido en Alemania: sistema lyv=>0 
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INSTALACIONES 
AGUAS RESIDUALES 


Extraído de: Wellpott, Erwin, Las instalaciones.en los edificios, 
Editorial Gustavo Gili, Barcelona, 2009. 


Sistemas de evacuación de aguas para edificios y terrenos 
Los sistemas de evacuación de aguas para edificios se realizan a 
ser posible mediante el principio de gravedad. Rige la serie de 
normas europeas DIN EN 12056 para todos los sistemas de desa- 
gúe por gravedad. La serie de normas es exclusivamente válida 
para el interior de edificios residenciales, comerciales, institutos y 
edificios industriales. En el exterior de edificios rige además la 
norma DIN EN 752, aparte de otras directrices — Ө. 

Cálculo 

El cálculo se basa en las cargas hipotéticas de las redes de tuberías, 
que dependen del tipo de uso y del modo de desagúe. Básicamen- 
te se distingue entre aguas residuales y pluviales. Además se dife- 
rencia si el caudal de agua residual o pluvial se mezcla en un sis- 
tema mixto o si, por prescripción de estatutos municipales, la 
evacuación debe ser separada -> @. 

Denominación de sistemas de conductos 

Una bajante es la canalización vertical en el interior del edificio que 
lleva las aguas residuales o pluviales hasta una tubería en horizon- 
tal y que se ventila en cubierta. ` 

El colector enterrado es la canalización inaccesible colocada еп 
el terreno o debajo de una solera que recoge las aguas de las ba- 
jantes, de ramales y sumideros. 

La tubería de ventilación es la prolongación de la bajante hasta 
una cota por encima de la cubierta para facilitar la compensación 
de presiones en el desagúe por gravedad mediante ventilación. 
Los colectores colgados corresponden en cuanto a su función a' 
los colectores enterrados, pero están colocados de modo accesi- 
ble, bajo el techo o a lo largo de los muros del sótano. 

Los ramales son las tuberías que van desde el cierre hidráulico del 
aparato que hay que desaguar hasta la canalización de conexión. 
La acometida es la canalización desde la última arqueta de гедіѕ- 
tro dentro del solar hasta el alcantarillado público. 
Dimensionado de tuberías de evacuación de aguas residuales 
El caudal esperado de aguas residuales se calcula según: 

Ола = К · VZ(UD) siendo: 

Qar caudal de agua residual i/s 

K coeficiente de frecuencia de uso 

UD valores de las unidades de descarga l/s 

Los coeficientes de frecuencia de uso normalizados son: 


Coeficientes de frecuencia 
de uso normalizado K 


Tipo de edificio 


Uso irregular, p. ej., en viviendas, 
hostales, oficinas 

Uso frecuente, p. ej., en hospitales, 
escuelas, restaurantes, hoteles 
Uso intensivo, p. ej., en aseos y/o 
duchas públicos 


0,5 


Uso especial, p. ej., laboratorios 

El caudal total de aguas residuales se calcula con: 
Qr = Qar + Ос + Ов siendo: 

Qr Caudal total de aguas residuales 1/5 

Qar Caudal de agua residual 1/5 

Ос Caudal continuo Ys 

Ов Caudal de aguas bombeadas l/s 


Para el dimensionado, son decisivos el valor mayor (QAR o QT) o 
el valor del caudal del aparato sanitario con el mayor valor de uni- 
dad de descarga. 

Debido a la existencia de sistemas de desagúe distintos en Europa, 
la norma DIN EN 12056-2 define cuatro sistemas que se diferencian 
según el nivel de llenado, los ramales y la separación de bajantes 


> Ө. 
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DIN EN 12056 
DIN 1986 

DIN EN 752 
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Aguas residuales 
Climatización 
Instalaciones 
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Estaciones 
depuradoras 
particulares 


DIN 1986 
DIN 12056 


Técnicas de la 
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Aparato sanitario 


Lavabo, bidé 
Ducha sin tapón 
Ducha con tapón 


Urinario individual con cisterna 


Urinario individual con 
fluxómetro 


Urinario de pedestal 
Urinario seco 

Bañera 

Fregadero y lavavajillas* 
Lavavajillas 

Lavadora hasta 6 kg 
Lavadora hasta 12 kg 


Inodora con cisterna de 4/4,5 1 


Inodoro con cisterna de 6 l/ 
fluxómetro 


inodoro con cisterna de 7,5 / 
fluxómetro 


Inodoro con cistema de 9 |/ 
fluxómetro 


Sumidero DN 50 
Sumidero DN 70 
Sumidero DN 100 


* con sifón común 


Ventilación Ventilación 
terciaria secundaria 
indirecta 
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Valor de UD 


Ventilación 
secundaria 
directa 


DN 50 
DN 56/60 
DN 80/DN 90 
DN 80-DN 100 


véase nota en la 
nórma DIN 


DN 100 


DN 50 


Valores de unidad de descarga (UD) para diferentes aparatos sanitarios (según 
tabla 4 de la norma DIN 1986-100) 


Ventilación 
secundaria y 
terciaria 


Sistemas de ventilación para sistemas de evacuación de aguas residuales [11] 


Las ventitaciones primarias se pueden juntar en una tubería de ventilación 
primaria colectora en el punto superior de las redes de evacuación [11] 


Dimensionado 


INSTALACIONES 
AGUAS RESIDUALES 


Las dimensiones calculadas deben indicarse en el tamaño nominal 
DN, el respectivo diámetro interior mínimo está indicado en la tabla 


Diámetro nominal 


225 207 
250 230 б 
300 290 


Zona de la tubería 
Derivaciones sin ventilación 


Derivaciones ventiladas 


Colectores enterrados y 


colgados 
05 DIN 1986-100, apartado- 


a) para aguas residuales 


b) para aguas pluviales, 
(nivel de llenado 0,7) 

Colectores enterrados y 

colgados DN 90 


gua 4,5-6 1) 


exterior del edificio (nivel 


Diámetros nominales (DN) con los correspondientes diámetros interiores 
mínimos d; mn, (corresponde a tabla 1 de norma DIN EN 12056-2) 


(Inodoro con caudal de 


a y 
Colectores enterrados para | 
aguas pluviales en el DIN 1986-100, apartado 


de llenado 0,7) 
Газа рмаю | DN 200 0,5" 
a partir de DN 250 1: DN* 


* Velocidad máx. 2,5 m/s. Tras un рого de registro puede dimensionarse para 
el llenado completo sin sobrepresión 


Diámetro interior mínimo 
di min. (Mm) 


Pendiente Indicación norma y 
minima (%) capítulo 
1 DIN EN 12056-2, tabla 5 
+ DIN 1986-100, 
0,5 apartado 8.3.2.2 


DIN EN 12056-2, tabla 8 


8.3.4, 


DIN 1986-100, 
apartado 9.3.5.2 


1,5 DIN 1986-100, tabla A.2 


9.3.5.2 


(5) Pendiente mínima para derivaciones del el desagüe por gravedad 


Aireación y ventilación de las tuberías — Ө + Ө 

Los sistemas de desagúe se siguen diferenciando según el modo 
de ventilación o aireación. Fundamentalmente se distingue entre 
ventilaciones primaria y secundaria. Además de la ventilación pri- 
maria, se diferencia entre la ventilación terciaria conectando los 
ramales a la ventilación primaria, ventilación secundaria indirecta 
y directa, ventilación terciaria y ventilación primaria con válvulas de 
aireación adicionales. La sección de la tubería colectora de venti- 
laciones primarias tiene que medir como mínimo la mitad de la suma 
de las secciones individuales de cada ventilación primaria. El diá- 
metro nominal de la tubería colectora de ventilaciones primarias 
tiene que ser una medida nominal más que el mayor diámetro 
nominal de la tubería de ventilación primaria correspondiente. 


Límites de aplicación 


Longitud máxima de la tubería (1) 


Número máximo de codos de 90° 


Máxima altura de desnivel (A) 
(con pendiente de 45° o más) 


Pendiente mínima 1% 15% 


* Codo de conexión no incluido 
Límites de aplicación para derivaciones sin ventilación 
(corresponde a tabia 5 de DIN EN 12056-2) 


mites de aplicación Sistema | Sistema IV 
Longitud máxima de la tubería (l) 10m Sin limitación | 


Sin limitación | Sin limitación 


Número máximo de codos de 90° 


Máxima altura de desnivel (A) ат зт 
(соп pendiente de 45° o más) 

Pendiente mínima 0,5% 0,5% 
* Codo de conexión no incluido 


Límites de aplicación para ramales colectores y derivaciones ventilados 
(corresponde a tabla 8 de DIN EN 12056-2) 


Límit 


DN | Longitud máxima Máximos Desnivel Pendiente 
de la tubería cambios de máximo mínima 
m dirección 90° m 
56 4 3 1 1% 
80 10 3 1 1% 
90 10 3 1 1% 
100 10 3 1 1% 
Límites de aplicación sin ventilación 


para ramales colectores 
(corresponde a DIN 1986-100, apartado 8.3.2.2) 


Bajante de aguas residuales | Qnin (Us) 


con ventilación primaria 


Diámetro nominal mínimo en caso de conexión de inodoros al sistema Il 
* Diámetro nominal mínimo en caso de conexión de inodoros a los sistemas і, ЇЇ, IV 


Caudal de aguas residuales permitido Qs, y diámetro nominal DN para 
bajante con ventilación primaria (corresponde a tabla 11 de DIN EN 12056-2) 


Y 


INSTALACIONES 
AGUAS RESIDUALES 


Los límites de aplicación para los sistemas ventilados de modos 
diferentes (derivaciones individuales y ramales colectores) pueden 
dimensionarse en las tablas > @ - Ө. 

Dimensionado de derivaciones А 

Las derivaciones individuales y los ramales colectores se dimensio- 
nan según las tablas siguientes (tablas según Geberit — Ө + Ө. 
El dimensionado de bajantes para aguas residuales se diferencia 
de un sistema de ventilación > Ө + Ө. 


* зіп inodoros 
* dos inodoros como máximo 


Dimensionado de rarnales colectores sin ventilación 
(corresponde a tabla 5 de DIN 1986 -100) 


Dimensionado de ramales colectores ventilados 
(dimensionado simplificado en lugar del cálculo según las reglas 
para colectores, es decir, según Prandtl-Colebrook) 


Ventilación 
secundaria 


Bajante de aguas 
residuales con 
ventilación primaria 


DN Ramales 


DN 
50 0,7 
70 50 2 


80° 50 


Ramales соп 
radio interior 


* Diámetro nominal mínimo en caso de conexión de inodoros al sistema Н 
Diámetro nominal minimo en caso de conexión de inodoros a los sistemas 1, (Il, IV 
Este valor debe ser una errata en DIN EN 12045-2. 

Recomendación: corregirio en 8,4 


Caudal de aguas residuales permitido Qmá, y diámetro nominal DN para 
bajante con ventilación secundaria (corresponde a tabla 2 de DIN EN 12056-2) 
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Aguas residuales 
Climatización 
Instalaciones 
térmicas 
Estaciones 
depuradoras 
particulares 


Técnicas de ta 


construcción 


INSTALACIONES 
„AGUAS RESIDUALES 
Colectores enterrados y colgados 


En el interior del edificio, los colectores deben dimensionarse соп un nivel de llenado altura/diámetro índice і = 0,5 teniendo en cuenta 
Ча pendiente mínima de 0,5 %, tras la conexión de un sistema de elevación y bombeo también con un nivel de llenado altura/diámetro 


índice і = 0,7. 
чя DN 80 DN 90 DN 100 DN 125 ОМ 150 рм 200 .| DN225 ОМ 250 DN 300 


і Оты, у О. v Orii у [* v Ол. v Оһ. v Әм. 12 Ө. v Ол. Л 


спит | Vs | ms | Vs | ms | Vs | ms | Vs | m/s | Vs m/s | l/s | m/s | l/s | ms | Vs | m/s 


34,1 1 


1 13 | 06 | 1,5 | 06 | 25 | 07 | 41 | 0,8 | 7,7 | 0,9 | 14,2 | 1,1 | 22,5 | 1,2 |26,9 | 1,2 [483 14 


15 | 15 | 07 | 1,8 | 0,7 | 3,1 | 0,8 5 1 9,4 | 1,1 | 17,4 | 1,3 | 27,6 | 1,5 | 32,9 | 1,5 | 59,2 | 1,8 


2 18 | 08 | 2,1 | 0,8 | 3,5 1 5,7 | 1,1 | 10,9 | 1,3 | 20,1 | 1,5 | 31,9 | 1,7 | 38,1 | 1,8 ¡684 | 2 


2,5 2 0,9 | 2,4 1 4 1,1 | 64 | 1,2 | 12,2 | 1,5 | 22,5 | 1,7 | 35,7 | 19 | 42,6| 2 |766| 2,3 
3 2,2 1 26 | 1,1 / 4,4 | 1,2 | 7,1 | 1,4 | 13,3 | 1,6 | 24,7 | 1,9 |39,2 | 2,1 | 46,7 | 2,2 |83,9 | 2,5 
35 | 24 | 11 | 2,9 | 11 | 47 [153 | 7,6 | 1,5 | 14,4 | 17 |266| 2 | 423 | 2,2 50,4 | 2,3 | 90,7 | 2,7 


4 26 | 1,2 | 3,1 | 1,2 5 1,4 | 8,2 | 1,6 | 15,4 | 1,8 |28,5 | 2,1 | 45,2 | 2,4 | 53,9 | 2,5 | 96,9 | 2,9 


ha ES 12 | 32 | 13 | 53 | 15 | 8,7 | 17 [163| 2 |302 23 | 48 | 25 [57,2 2,7 |102,8) 3,1 


5 12 | 2,9 | 34 | 14 | 56 | 16 | 91 | 1,8 [17,2 | 2,+ |31,9 | 2,4 | 50,6 2,7 | 60,3 | 2,8 |108,4| 3,2 


о Caudal de aguas residuales permitido, nivel de llenado 50 % (altura/diámetro interior = 0,5) (corresponde a tabla B.1 de DIN EN 12056) 


Реп= DN 80 DN 90 DN 100 DN 125 DN 150 DN 200 DN 225 DN 250 DN 300 


спит | Vs | ms | Vs | ms | Vs | ms | Vs | ms | Vs | ms | Vs | ms | Vs | ms | Ys | ms | Ys m/s 
0,5 | 1,5 | 05 - - 2,9 | 05 | 4,8 | 0,6 9 0,7 | 16,7 | 0,8 | 265 | 0,9 | 31,6 | 1 56,8 | 1,1 


1 2,2 0,7 25 | 0,6 | 42 | 0,8 | 6,8 | 0,9 | 12,8| 1 23,7 | 1,2 | 37,6 | 1,3 | 44,9 | 1,4 | 80,6 | 1,6 


INSTALACIONES |t 

Aguas residuales 1,5 2,6 | 0,8 3 0,8 | 5,1 1 8,3 | 1,1 | 15,7 | 1,3 | 29,1 | 1,5 | 46,2 | 1,6 55 1,7 | 98,8 2 
Climatización 
: térmicas ЕХ 3,1 0,9 | 35 | 0,9 | 5,9 1,1 96 | 1,2 | 18,2 | 1,5 | 33,6 | 1,7 | 53,3 | 1,9 | 63,3 2 |114,2| 2,3 
Estaciones 


depuradoras | 25 | g4 | 1 | 4 | 1,1 | 67 | 12 (10,8 | 14 [20,33 16 | 37,6 | 19 | 59,7 | 2,1 [71,7 | 2,2 |1277) 26 


3 38 | 11 | 4,3 | 1,2 | 7,3 |13 |11,8 | 1,5 |22,3 | 1,8 | 41,2 | 2,1 | 65,4] 2,3 | 77,9 | 2,4 | 140 2,8 


3,5 4,1 12 | 47 | 1,3 | 7,9 | 1,5 | 12,8 | 1,6 | 24,1 | 1,9 | 44,5 | 2,2 | 70,6 | 2,5 |84,2 | 2,6 |151,2 3 
1,6 | 13,7 | 1,8 | 25,8 | 2,1 | 47,6 | 2,4 |75,5 | 2,7 EJ 2,8 |161,7| 3,2 
Técnicas de la 4 
‚5 


construcción 45 | 46 14 | 89 | 1,7 19 |27,3 | 2,2 2 80,1 | 2,8 |955| 3 |171,5| 3,4 


gr 1,5 |56 | 1,5 | 94 | 1,7 |15,3 | 2 |28,8 | 2,3 84,5 | 3 |100,7| 3,1 |180,8 3,6 


O Caudal de aguas residuales permitido, nivel de llenado 70 % (altura/diámetro interior = 0,7) (corresponde a tabla B.2 de DIN EN 12056) 
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| ч Función de rebosadero 


Aliviadero: 
. Retención de aguas pluviales 
Retardo de la descarga 


Las tuberías de evacuación de aguas dentro de los Para solares de mayor 


tamaño las canalizaciones 
de evacuación pueden 
dimensionarse después 
de las medidas de 
retención de aguas 

según DIN EN 752 


edificios tienen que estar dimensionadas hasta al 
aliviadero para la intensidad pluviométrica punta 
anual con una duración de 5 min 


Delimitación de los campos de aplicación de DIN EN 12056, DIN 1986-100 
y DIN EN 752 [12] 


п | Tipo de superficie Бемага) 


Superficies impermeables, р. ej. IN 
3 


- Cubiertas 
- Superficies de hormigón 
- Rampas 


- Superficies pavimentadas con juntas 
selladas 


- Firmes (asfalto) 
1 — Adoquines con juntas selladas 
= Cubiertas con grava 
= con ajardinamiento intensivo 


— рага ajardinamientos extensivos a 
partir de 10 cm de grosor de sustrato 


— рага ajardinamientos extensivos con 
menos de 10 cm de grosor de 
sustrato 


Superficies semipermeables y con poca 
capacidad de evacuación, p. ej. 


= Pavimento de hormigón sobre lecho de 
arena o escoria, superficies con losas 


- Superficies con adoquín, con proporción 
de juntas > 15 %, p. ej., 10 x 10 cm y 
menor 


2 - Superficies de tierra compactada 


- Parques infantiles con superficies 
parcialmente pavimentadas 


= Superficies cubiertas con sintéticos, 


césped artificial 0,6 
= Eras para tilar 
~ Superficies de césped 0,3 
Superficies permeables sin o con 0 
escorrentía insignificante, р. ej. 
— Parques y superficies con vegetación, 
suelos de grava y escoria, guijarros, 0 
también con superficies parcialmente 
3 pavimentadas 
- Caminos de jardín con suelo de tierra 0 
compactada 
- Accesos para vehículos y plazas 
de estacionamiento con pavimento 0 


vegetal (rejillas) 


* Según las directrices del proyecto, ejecución 
y cuidado de ajardinamientos sobre cubiertas 
= directrices para cubiertas ajardinadas 


Coeficiente de escorrentía C para el cálculo а de la evacuación de aguas 
pluviales (corresponde a tabla 6 de DIN 1986-100) 


INSTALACIONES 
AGUAS RESIDUALES 


Evacuación de aguas pluviales 

El agua de precipitaciones que cae sobre las cubiertas se evacua 
a través de una red de evacuación de aguas pluviales. Lo más 
importante es reconducir en la medida posible las aguas pluviales 
de las superficies edificadas mediante sistemas de infiltración en 
el subsuelo a las aguas freáticas. Si esto no fuera posible, las aguas 
pluviales se evacuarán a través de sistemas de desagúe mixtos o 
separativos. En la descarga hacia la canalización de acometida 
posiblemente deba tenerse en cuenta un límite fijado por las auto- 
ridades competentes. Según las circunstancias, se tiene que ela- 
borar un sisterna de retención de aguas pluviales en forma de una 
red sobredimensionada o de una edificación al propósito para 
cumplir las restricciones. Cada superficie de la cubierta debe dis- 
poner como mínimo de un sumidero y un rebosadero que desagúe. 
Las aguas pluviales, también las recogidas en cubiertas pequeñas, 
no deben evacuarse por los bajantes de aguas residuales. Las 
redes de evacuación se dimensionan para precipitaciones de me- 
diana magnitud, y puesto que hay que contar con precipitaciones 
intensas, las sobrecargas en la red deben limitarse con medidas 
apropiadas para evitar daños (rebosaderos, dispositivos de reduc- 
ción de presión en bajantes de desagie por gravedad). 


El caudal de aguas pluviales se calcula según DIN EN 12056-3 o 
DIN 1986-100: 


siendo: 

lom La intensidad pluviométrica de diseño en l/s/ha, averiguada 
basándose en estadísticas 
Intensidad pluviométrica punta bianual para la duración de 
cinco minutos, que puede acaecer cada 2 años 

E Coeficiente de escorrentía 

A  Áreaexpuesta a las precipitaciones medidas en su proyección 
en planta en m2 


La duración de la precipitación decisiva para el dimensionado debe 
considerarse con D = 5 min. Los bajantes, los ramales colectores 
y los colectores enterrados para aguas pluviales deben dimensio- 
пагзе para la intensidad pluviométrica punta bianual local (о) (solo 
válido sin retención de aguas pluviales). 

La delimitación de los ejemplos de aplicación según DIN EN 12056, 
DIN 1986-100 y DIN EN 725-4 se muestra en el cuadro siguiente: 
Sobrecargas o inundaciones deben limitarse mediante medidas 
apropiadas para la instalación de rebosaderos, dispositivos de 
reducción de presión en bajantes de desagúe por gravedad, etc.). 
Los coeficientes de escorrentía E para el cálculo del caudal de 
aguas pluviales están enumerados en => Ө (tabla 6 DIN 1986-100). 
El dimensionado se ha de efectuar teniendo en cuenta una duración 
de la precipitación de D = 5 minutos. El intervalo entre precipita- 
ciones extremas medido en años (T) se plantea según el proyecto 
y se determina según el tipo y el uso del edificio. 


Desagúe por gravedad 

Los bajantes deben dimensionarse como mínimo con el diámetro 
nominal correspondiente al del sumidero respectivo. El nivel de 
llenado puede medir hasta F = 0,33. Los colectores colgantes y 
enterrados se deben dimensionar en el interior de edificios con un 
nivel de llenado de 0,7 y una pendiente mínima de 0,5 cm/m. En el 
exterior de edificios, la velocidad máxima no debe exceder los 
2,5 m/s. El nivel de llenado máximo es, en este caso, 0,7. 


Un pozo de registro puede dimensionarse para el llenado comple- 


to sin sobrepresión. La pendiente mínima es para diámetros de 
hasta DN 200 0,5 cm/m, a partir de DN 250 1: DN. 
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DIN 1986 
DIN EN 12056 
DIN EN 725 


Técnicas de la 


construcción 


INSTALACIONES 


Aguas residuales 
Climatización 
instalaciones 
térmicas 
Estaciones 
depuradoras 
particulares 


DIN 19599 
DIN 1986 

DIN EN 12056 
DIN 752 

DIN 1999 


Técnicas de la 


construcción 


Ámbito de aplicación 


Válvulas antirretorno autorizadas para 
su puesta en obra según E DIN EN 
13564-1a 


Aguas no fecales 
Escorrentía 


instalaciones de aprovechamiento 
de aguas pluviales> 
a Hasta la publicación de DIN EN 13564-1 rigen DIN 1997 y DIN 19578 


e Solo permitido para rebosaderos de depósitos soterrados conectados a un canal 
de aguas pluviales (véase DIN 1989-1) 


(1) Ámbitos de aplicación para válvutas antirretomo 
(corresponde a tabla 2 de DIN 1986 -100) 


Sistema de elevación de aguas residuales en forma de sistema doble 
(según DIN 12056-4) [11]. 


nivel de retorno 


Reflujo en las canalizaciones de un sistema mixto debido a sobrecarga del 
alcantarillado después de un chubasco intenso. En los sumideros situados en 

(3) las cotas más bajas sale, si estos no están asegurados, agua pluvial mezclada 
con aguas negras [11] 3 
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Drenaje de cubiertas mediante sistema sifónico 

Para este sistema hay que aportar un cálculo hidráulico adaptado 
al edificio. La retención de agua alrededor del sumidero necesaria 
para el funcionamiento no se considera inundación mientras no se 
excedan las prescripciones para los sumideros según DIN 19599. 
Las cubiertas con, p. ej., inundación planificada, deben impermea- 
bilizarse hasta la altura de inundación, y su estructura debe dimen- 
sionarse para soportar las cargas correspondientes. Para el siste- 
ma de cónductos de drenaje sifónico se considerará como máxima 
altura disponible la distancia entre el sumidero y el nivel de salida 


` del sistema general de desague. Si se conecta un sistema sifónico 


a una canalización de desagúe por gravedad debe asegurarse la 
transformación de la alta energía cinética mediante la reducción de 
la velocidad de flujo a valores < 2,5 m/s. 


Reflujo . 

En los desagúes situados por debajo del nivel de salida del sistema 
general de desagúe se han de asegurar los sistemas automáticos 
de elevación y bombeo de aguas residuales mediante un bucle 
antirreflujo o válvulas antirretorno contra el reflujo proveniente del 
alcantarillado (DIN EN 12056-4). Las válvulas antirretorno tienen 
una aplicabilidad limitada — Ө. 

Los sistemas de elevación y bombeo de aguas residuales, en los 
cuales no debe interrumpirse el flujo, se instalarán como sistemas 
de elevación dobles > O. 

Para las aguas provenientes de precipitaciones que se evacuan por 
debajo del nivel de salida general de desagúe deben disponerse 
también sistemas de elevación y bombeo. Para ello, debe dimen- 
sionarse de tal modo que en caso de un intensidad pluviométrica 
punta centenaria isi1o, NO puedan producirse daños (en espacios 
como portales, entradas a. sótanos, accesos a garajes, patios inte- 
riores). Para superficies más grandes situadas por debajo del nivel 
de salida general de desagúe que no pongan en peligro edificios о 
enseres, debe realizarse un cálculo hidráulico para comprobar la 
posibilidad de inundación según DIN EN 752-4, con una intensidad 
pluviométrica de зо. El sistema de elevación y bombeo debe 
dimensionarse entonces para is. Las cubiertas que puedan desa- 
guarse sin rebosaderos tienen que coordinarse y comprobarse con 
el ingeniero de estructuras teniendo en cuenta el nivel máximo 
posible de inundación. Además, debe llevarse a cabo una compro- 
bación de sobrecarga para las instalaciones de evacuación en el 
interior de edificios hasta un punto de aliviadero. Los cálculos hi- 
dráulicos de inundación y sobrecarga deben prever una intensidad 
pluviométrica punta centenaria іо. 


Aguas residuales especiales 

Por principio, los residuos de procedencia comercial o industrial 
deben tratarse de modo que puedan verterse en el alcantarillado 
público de aguas residuales. Si se da el caso, se instalarán para 
ello unos sistemas de separación o tratamiento correspondientes 
que abarcan, p. ej., separadores de grasas e hidrocarburos, de 
féculas o emulsiones. Para aceites o hidrocarburos se prevén se- 
paradores según DIN 1999. Los sistemas generalmente están com- 
puestos de decantador de fangos, separador y tubo de pruebas 
=> Ө. Sobre todo deben conectarse al alcantarillado a través de 
instalaciones de separadores para hidrocarburos superficies en las 
que se lavan, revisan o repostan vehículos. 


Ventilación por ventana, Ventilación por ventana, 
régimen de invierno régimen de verano 


Circulación en el caso de ventilación por ventana (régimen de inviemo y verano) 
[12] 


Sistema | 


Ventilación por un lado con huecos en un muro exterior 


Ventilación transversal con huecos en muros exteriores opuestos 


Sistema. о en un muro y la cubierta 


Ventilación transversal con huecos en un muro exterior y con 
patinejo de ventilación opuesto. El patinejo tiene que presentar 
una sección de 80 cm? como mínimo y 4 т de altura, de los 
cuales 3 m tienen que encontrarse en el interior del edificio 

(si es preciso, proteger contra enfriamiento). 


Sistema iti 


Ventilación transversal con salidas en la cubierta (claraboyas, boca 
de expulsión con deflector, abertura) y huecos en un muro o en 
muros exteriores opuestos. 


Sistema IV 


Sistemas de ventilación libre según la directriz alemana de seguridad y salud 
en los lugares de trabajo ASR 5 А 


Locales de trabajo con puestos para actividades en 
posición predominantemente sentada 


Grupo de locales A 


Locales de trabajo.con puestos para actividades 
predominantemente no sentadas (local de ventas, locales 
comparables) 


Grupo de locales B 


Locales de trabajo con puestos para actividades en 
posición predominantemente sentada y no sentada, 

teniendo que contar en el local con grandes molestias 
causadas por malos olores debidos al funcionamiento 
previsto, р. ej., de trabajo físico duro. 


Grupo de locales С 


© Grupos de locales según la normativa alemana 


Sección de impulsión y 
extracción respectivamente 
en cm? por cada m? 
de superficie de suelo 


Secciones de ventilación para ventilación libre en locales laborales con lugares 
de trabajo para actividades en posición predominantemente sentada, según la 
directriz alemana de seguridad y salud en los lugares de trabajo ASR 5 (grupo 
de locales A) 


Temperatura ambiente [*C] 


Humedad relativa [%] 
HON. SE TOS: A 


. 


(5) Humedad relativa recomendada según la temperatura ambiente 


INSTALACIONES 
CLIMATIZACIÓN 


Extraído de: Wellpott, Erwin, Las instalaciones en los edificios, 
Editorial Gustavo Gili, Barcelona, 2009. 


Ventilación natural Р , 
La calidad del aire en locales o edificios es una de las características 
de confort esenciales para usuarios y un tema importante para el 
bienestar. Si un edificio carece de instalación de ventilación mecá- 
nica, se habla de ventilación natural. La ventilación natural es la re- 
novación del aire que se produce mediante ventilación por ventanas, 
patinejos u otras aberturas del edificio. La ventilación natural es re- 
sultado de la presión del viento en y alrededor del edificio, que, a su 
vez, depende de numerosos parámetros exteriores. Además, la re- 
novación del aire en un edificio cambia por los gradientes térmicos 
en y alrededor del edificio. Para la calificación de la calidad de la 
ventilación natural también tiene importancia la renovación del aire 
dentro de los locales o del edificio. 
Un edificio debería ventilarse de modo natural, para lo cual deben 
tenerse en cuenta los límites naturales inmanentes determinados por: 
- emplazamiento del edificio en el contexto urbanístico 
- velocidades del viento en el emplazamiento 
- emisiones de ruido en el emplazamiento del edificio 
- organización espacial del edificio, fondos de locales, locales inte- 
riores, resistencia aerodinámica de presión en el interior del edificio 
- condiciones térmicas en el edificio o los locales. 


Las condiciones de circulación en el caso de ventilación por ventana 


se distinguen en régimen de verano y de invierno según la diferencia 


de temperatura entre el interior y el exterior > @. La normativa 
alemana diferencia entre: 

- ventilación por ventana 

- ventilación por patinejos 

- ventilación por aireadores en cubierta 

- ventilación por otras aberturas de admisión. 


La calidad del aire se considera buena cuando se encuentra el 
suficiente aire para respirar favorable a la salubridad en los locales 
laborales y si la calidad del aire en general corresponde a la calidad 
del aire exterior, a no ser que por circunstancias extraordinarias la 
calidad del aire exterior no corresponda a las calidades exigidas 
(concentración CO,, óxidos de nitrógeno, etc.) 

Se describen los siguientes sistemas de ventilación libre: — Ө. 
Estos sistemas de ventilación libre son válidos para una superficie 
de diseño de 6 m2/empleado. 

Para ello, se clasifica en grupos de locales A, В, С > Ө. 

Las áreas efectivas para ventilación libre se deducen de lo siguien- 
te (extracto de la normativa alemana) > Ө. 

La reducción de las áreas efectivas mediante elementos ajustables 
(lamas) tiene que estar garantizada. Los caudales de aire exterior 
mínimos exigidos en la directriz alemana de seguridad y salud en 
los lugares de trabajo corresponden más o menos a los caudales 
de aire exterior recomendados con relación al cumplimiento de 
valores de CO, máximos. 

Se recomiendan: ` 

en actividades en posición predominantemente sentada: 

20-40 m9/h y persona 

en actividades en posición predominantemente no sentada: 
40-60 m3/h y persona 

en actividades de trabajo físico intenso: 

65 m%/h y persona 

Para el primer grupo (actividades en posición predominantemente 
sentada) es recomendable una evaluación más minuciosa en el 
contexto con conceptos integrales. Es oportuno calcular el caudal 
necesario mediante una valoración del contenido en CO, del aire 
exterior y de la frecuencia de uso de los locales. 
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DIN 18017 


Técnicas de la 


construcción 


Ventilación de viviendas centralizada con recuperación de calor. El aire exterior 


aspirado para la renovación del aire entra filtrado en el intercambiador térmico 
de fiujos cruzados y absorbe el calor del aire expulsado. Normalmente, el aire 
calentado circula a través de varios locales antes de ser aspirado nuevamente. 
El aire de cocina у baño no debería poder llegar a otras habitaciones. [12] 


Valores orientativos para secciones 
de patinejos con un caudal acorde 
a DIN 18017 y un coeficiente de 
simultaneidad 100 % (diferencias 
debidas a fabricantes) 


de calor 


L g 20 VG 
Ө =28 191G Y 
Bl % E ø 22,5-35,5 
ж E 28-31,5 
3 | 23 
5 =j = 
Фо 
2 
37) 
&= 
=! 5vG 
Acumulador g 
de agua caliente _| 3VG 10-12,5 
¡enerador 9 
le calor = 3 10-16 
= = ЗЕ 
Instalación centralizada de extracción 
de aire con recuperación de calor a Los sistemas de ventilación 


través de una bomba de calor (BC) y 
almacenamiento en un acumulador 

de agua caliente (AC). El resto del calor 
necesario lo suministra el generador 
de calor (GC). [12] 


individuales con conducto principal 
común sustituyen a las grandes 
baterías de patinejos. [12] 


14) Ventilación controlada de vivienda con intercambiador tierra-aire 
(vivienda unifamiliar) [14] 
Tiempo de 
funcionamiento mínimo 
12 horas/día* 


aleatorio*2 


Tiempo de 
funcionamiento 


Rincón cocina 


Cocina, ventlción básica 


Cocina, ventilación intensiva 200 me/h 
Baño con/sin inodoro 40 тл 60 mah 
Aseo solo inodoro 20 т 


* Funcionamiento con carga básica 
* Funcionamiento regulado según demanda 


Ө Caudales previstos según DIN 1945 (t. 5) para locales sin ventanas 
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Ventilación controlada en viviendas 

Por razones higiénicas y físicas es necesario extraer de las estancias 
el aire viciado con olores, vapor y CO, y reemplazarlo por aire 
fresco y oxigenado. Hay que distinguir entre ventilación básica 
(necesaria por razones físicas) y por demanda (necesaria por razo- 
nes higiénicas). 

Ventilación básica: una renovación del aire completa de 0,5-1 ve- 
ces por hora puede garantizar que en usos normales del local no 
se produzcan daños ni vicios constructivos. La alta humedad am- 
biental debida a una renovación del aire insuficiente (alta estanqui- 
dad de las juntas) puede causar manchas de humedad y formación 
de moho. Este fenómeno se manifiesta en los casos en los cuales 
se renovaron las ventanas, incluidas las juntas, sin mejorar el аіѕ- 
lamiento térmico de los cerramientos del edificio. 

Ventilación por demanda: exhalaciones corporales, humo de ta- 
baco, olores de cocina y aseos provocan un empeoramiento del 
aire que hace necesaria la renovación del mismo. 

Factores de renovación del aire recomendados por razones higié- 
nicas: 

0,5-1 veces por hora en salas de estar y dormitorios, 

4-5 veces por hora en aseos interiores, 

0,5-25 veces por hora en cocinas (cargas periódicas). 
Ventilación mecánica en viviendas unifamiliares 

Una ventilación mecánica sin recuperación de calor debe renovar 
el aire de modo suficiente y mantener controladas las pérdidas de 
calor debidas al aire extraído. En una instalación de ventilación 
mecánica con recuperación de calor —> (), el aire extraído se pone 
en contacto térmico con el aire de impulsión dentro de un inter- 
cambiador térmico. Debería recuperarse, como mínimo, un 80 % 
de calor (eficiencia) del aire evacuado. 

Instalación centralizada de extracción de aire 

con recuperación de calor | 
En instalaciones de extracción de aire, el aire exterior о de impulsión 
entra por juntas y aberturas en los locales. El calor necesario para 
ello debe aportarse mediante el sistema de calefacción (normal- 
mente emisores de calor estáticos o sistemas superficiales radian- 
tes). El calor transportado con el aire extraído del edificio se pierde 
irrecuperablemente sin medidas adicionales. El bajo nivel de tem- 
peraturas (aprox. 20-24 °С) impide una recuperación para el siste- 
ma de calefacción. Una posibilidad de recuperación del calor es la 
utilización del nivel térmico del aire extraído como fuente de calor 
para una bomba de calor. La energía térmica puede almacenarse 
en, р. ej., un acumulador para agua caliente sanitaria> Ө. 
Sistemas de ventilación individuales con conducto 

de extracción común (conducto principal) — Ө 

Según DIN 18017 (t.3) necesitan un único conducto de extracción 
vertical, al que se le pueden conectar hasta 20 pisos, uno o dos 
ventiladores por planta (también de dos zonas de viviendas adya- 
centes). El conducto principal de extracción, de @ 10-35 cm, puede 
montarse en un patinejo de instalaciones con suficiente resistencia 
al fuego. Los ventiladores radiales en forma cúbica para el montaje 
empotrado o en superficie tienen una capacidad de extracción de 
50 o 90 т. Las clapetas antirretorno estancas impiden las pérdi- 
das térmicas o molestias por malos olores en el tiempo de inactividad, 
y se encargan de la protección contra el fuego en caso de incendio 
(hasta la categoría de resistencia al fuego RF 90). 

Ventilación controlada en una vivienda con intercambiador 
tierra-aire > Ө 

El intercambiador tierra-aire proporciona la refrigeración del aire en 
régimen de verano. Mediante la aspiración de aire a través de un 
intercambiador tierra-aire puede enfriarse el aire exterior de 30 a 
20 °С. En invierno, el intercambiador tierra-aire puede precalentar 
el aire exterior (de -10 a +2 °С). Calentando posteriormente el aire 
en días templados de invierno se puede caldear un edificio con 
buen aislamiento térmico. 


Aparatos centralizados de acondicionamiento аге 


12) Sistema de impulsión y extracción 
12] 


Ventilación por depresión (no es 
posible la recuperación del calor) [12] 


aa 


12-25 


о 
П 
+] 


con gran proporción 
de radiación 


con gran proporción 
de radiación 


1 Das e Ñ 


Sistema de techo refrigerante de canto reducido, p. ej., techo de paneles 
metálicos y techo con tubos capilares [11] 


con gran proporción 


con gran proporción 
de convección 


de convección 


AAA 


Sistemas de refrigeración combinados con techos suspendidos, p. ej., techos 
acústicos; a menudo es posible el montaje posterior [11] 


== 


Forjada frío radiante, revocado 
directamente y con luminaria 
suspendida (12] 


Techo frío radiante, suspendido con 
luminaria de techo empotrada [12] 


Panel refrigerante suspendido, con 
luminaria de techo integrada [12] 


=D 
Forjado radiante acumulador, 
con luminaria suspendida (12] 


Forjado radiante 
de refrigeración 


ON 


Aire impulsado, 
elemento de difusión 


Aire impulsado, 
difusor de suelo 

AAN: Po a К. 
A A AAA dol 57 


Г т о | г 


Sistemas de refrigeración combinados, con techos suspendidos, р. ej., techos 
acústicos. A menudo es posible el montaje posterior [11] [12] 
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Función de la ventilación y climatización 

En estancias habitables deben imperar unas condiciones de ambien- 
te que correspondan a nuestra sensación de bienestar. En los si- 
guientes componentes relevantes para el bienestar puede influirse 
mediante instalaciones de ventilación y acondicionamiento del aire: 
= pureza del aire/nivel de olores, 


— temperatura ambiente, 


- corrientes, 
- humedad del aire. 
Funcionamiento de instalaciones de ventilación y climatización 


Una instalación de ventilación y climatización consta generalmente 


de un dispositivo de aspiración del aire exterior, un aparato de acon- 
dicionamiento central, una red de distribución del aire y aireadores 
~ Ө. Según las tareas que debe cumplir una instalación de ventila- 
ción y climatización, se dividen en sistemas diferentes. También se 
distingue si una instalación de ventilación y climatización surte el 
efecto deseado solo con la ayuda del aire transportado y acondicio- 
nado, o si se emplean combinaciones normalmente con sistemas 
con agua. La primera distinción de instalaciones de tratamiento de 
aire es la división en instalaciones con función de ventilación о sin 
ella. Las instalaciones con ventilación tienen que proporcionar una 
cantidad suficiente de aire exterior. Además de la ventilación, tales 
sistemas pueden ocuparse de funciones como calefacción, refrige- 
ración, humectación y deshumidificación. Los sistemas sin ventilación 
satisfacen los mismos requisitos pero no renuevan el aire ambiental 
viciado. Una división más de sistemas de ventilación y climatización 
se efectúa según el modo de tratamiento del aire. Para ello se re- 
monta a las funciones denominadas de tratamiento termodinámico 
(C: calefacción; F: refrigeración; H: humectación; D: deshumidificación): 
un sistema que solo transporta y (tal vez) filtra el aire es un sistema 
de ventilación. 

Si no utiliza aire exterior, es un equipo de recirculación de aire. 
Sistemas de aire-agua | 

Son instalaciones de tratamiento del aire que operan en combinación 
con sistemas adicionales de calefacción o refrigeración por agua. 
Abarcan, p. ej.: 

Techos fríos radiantes — Ө - Y 

Producen una refrigeración estática. En lugar de una recirculación 
mecánica del aire tiene lugar un intercambio de radiación entre el 
local y los módulos de techo por los que discurre el agua fría. La 
renovación del aire puede limitarse a la medida mínima necesaria por 
razones de higiene. En oficinas, lo que debe evacuarse es la carga 
térmica de refrigeración; es decir, el calor producido por personas, 
equipos e iluminación que, por lo general, es superior a las pérdidas 
térmicas a través de la envolvente del edificio. En el caso de clima- 
tización convencional, para evacuar esta carga térmica de refrigera- 
ción (que ronda los 40-80 W/m3 se necesitan valores de renovación 


` del aire elevados, conductos voluminosos y sistemas centrales com- 


plejos. Cada vez es más frecuente utilizar techos fríos radiantes 
(denominados también “refrigeración silenciosa”, ya que no es ne- 
cesario utilizar máquinas ruidosas como ventiladores y, en lugar del 
aire, se emplea agua como fluido portador). 

Ventajas de techos fríos radiantes: 

Poco espacio necesario para conductos, patinejos, sala de máquinas. 
Bajos costes energéticos, ahorro energético. Buena aceptación 
gracias a ruidos de flujo y velocidad del aire ambiental reducidos. 
Sistemas de techos para la refrigeración de hasta 100 W/m?. Otra 
variante de la denominada “refrigeración silenciosa” (sistemas de 
refrigeración mediante radiación y/o convección libre) son los pane- 
les suspendidos (paneles refrigerantes) > Ө, que, sin embargo, 
presentan una capacidad de refrigeración menor debido a su super- 
ficie limitada, combinaciones de paneles suspendidos con proporción 
de convección (р. ej., aumento de Іа convección mediante chapas 
perforadas), forjados radiantes acumuladores y distintas combina- 
ciones de los sistemas mencionados. 
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Salas de máquinas VAC 


Sala de máquinas VAC en 
en planta superior [11] 


sótano (11] 
Aire evacuado 1 


Aire evacuado 1 


ł 
3 
Н 


Central de aire de impulsión en sótano, Sala de máquinas VAC en planta 
central de aire de expulsión en cubierta ө intermedia. Solución económica 
{sistema climatización por inducción). para rascacielos [11] 


Sin aire recirculado [11] 


Climatización 
—Sin humidificación 
|mpulsión/extracción 


—Extracción 


BESTEE 


| 
0 20.000 


Ё 5.000 

Diagrama para un cálculo estimativo de las superficies y alturas necesarias 

de salas de máquinas de climatización con varios sistemas para caudales de 
aire de hasta 50 m/s, según normativa alemana (VDI 3803), para instalaciones 


Т da 
10.000 15.000 


de menor tamaño [11] 
400_ ы la 
@ 
ma 
m- - 2 
300 ~ Climatización 
и Sin humidificación 
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16) сото Ө, para sistemas de ventilación y climatización más grandes [11] 


de impulsión y extracción 
соп recuperación del calor 
A A 


[7] Sisterna combinado de impulsión y extracción montado en el antepecho [12] 
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Salas de máquinas VAC — © - Ө 

Distribución de las salas de máquinas para el tratamiento del aire 
Según la RbAL (Comisión técnica de supervisión de obras en Alemania), 
los equipos para el tratamiento del aire en edificios de más de tres 
plantas sobre rasante deben instalarse en unas salas especiales (salas 
o centrales de máquinas de ventilación), si los conductos conectados a 
ellos atraviesan varios pisos o sectores de incendio. 

En la mayor parte de los casos, los sistemas de ventilación y climati- 
zación tienen su espacio en una planta de instalaciones, cerca de la 
central térmica (sala de calderas con distribución) y el equipo de refri- 
geración (máquina de refrigeración). No está permitido colocar ambos 
equipos en una misma sala (por protección contra el fuego). En el pro- 
yecto debe tenerse en cuenta la conexión de las salas técnicas a los 
núcleos de comunicación vertical con sus patinejos verticales de insta- 
laciones. También debe considerarse la distancia horizontal y vertical 
de los puntos de mayor consumo (p. ej., cocinas industriales, comedo- 
res o instalaciones de ordenadores) a la sala de climatización. La inte- 
gración formal de una planta técnica en el volumen del edificio puede 
influir considerablemente en su imagen. Si se sitúan en una de las plan- 
tas superiores, estas apenas tienen ventanas (emisiones de ruido), pero 
sí huecos de admisión y descarga de aire, y destacan por su altura 
normalmente mayor en comparación con las otras plantas. 
Dimensiones de los locales 

Un cálculo estimativo del espacio necesario para una sala de máquinas 
VAC se puede realizar basándose en la norma alemana VDI 2052, te- 
niendo en consideración el caudal y el tipo de tratamiento del aire es- 
perados. Ejemplo de cálculo para la definición de las dimensiones de 
una sala de máquinas VAC para un edificio administrativo — Ө + Ө. 
Sistemas de ventilación para fachadas — Q - O 

También llamados sistemas de ventilación descentralizada, colocan 
los aparatos cerca de la fachada con una conexión que comunica di- 
rectamente con el aire exterior. Al contrario de lo que sucede con los 
ventiladores-convectores con recirculación, el caudal de aire exterior se 
conduce directamente de la fachada al sistema, de modo que se supri- 
men todas las instalaciones de ventilación en el edificio. Los sistemas 
de ventilación para fachadas pueden concebirse de diferentes formas: 
sistemas de impulsión empotrados en el suelo, sistema combinado de 
impulsión y extracción o con un sistema de extracción centralizada. 
Debe tenerse en cuenta obligatoriamente la influencia de іа presión del 
viento sobre el caudal de aire. También puede influir en la temperatura 
del aire de impulsión la capa límite de temperatura de la fachada según 
la ubicación y concepción del edificio. 


Exterior 
Aire exterior Р | 
пир | ХХІ Suelo técnico elevado 


Unidad de impulsión de aire para suelo técnico 


Unidad de impulsión de aire para suelo técnico combinado con un sistema 
de extracción central [12] 


Е 10 
Aire 
evacuado 
Exterior 
9 DONX Suelo técnico elevado 


Unidad de impulsión de aire para suelo técnico 


Unidad de impulsión de aire para suelo técnico combinado con un elemento 
extractor [12] 


Abertura de extracción 
mín. 150 cm? 


Chimenea 


EJ хх 


Aire de 
impulsión 


Sala de calderas (sala de calefacción para combustibles sólidos, superficie 
mínima 8 т) necesaria a partir de una potencia de calefacción > 50 kW 


Generador 
de calor 


de calor (СС) 


Funcionamiento de una calefacción 
de agua caliente (CAC): el agua 
absorbe el calor producido en el GC y 
lo transporta a los emisores de calor. 
Se garantiza la circulación continua 
del agua mediante una bomba. [11] 


Sisterna bitubular con distribución 
inferior y montantes verticales 


Retorno 
Impuisión 


Generador 
de calor 


Generador de calor 


Sistema unitubular con válvulas 
especiales y distribución en 
horizontal 


Sistema bitubular con distribución 
superior y montantes verticales 


ERRADA АУ АР AR ЛУ АУ ЛУ АЎ АР АУА); 4Р АУ АР 


Techo Caldera mural de gas 
suspendido 


Tuberías de gas | 


Generador 
de calor 


Sistema bitubutar con distribución 
horizontal (construcción estándar 
en edificios de oficinas) 


Sistema unitubular con 
distribución horizontai por planta 


INSTALACIONES 
INSTALACIONES TÉRMICAS 


Instalaciones térmicas 

Las instalaciones térmicas para edificios utilizan por lo general agua 
como fluido portador, y rara vez aire (el vapor ya solo se utiliza para 
usos industriales). La temperatura necesaria del fluido portador (agua, 
aire, vapor) depende de sus temperaturas y los tipos de emisor de 
calor elegidos. Para el nivel térmico del fluido portador se necesita 
un sistema generador de calor. La mayor parte de los generadores 
de calor utilizan como fuente energética primaria gas natural o ga- 
sóleo de calefacción. En la mayoría de los casos se quema gasóleo 


_ o gas natural en calderas a una temperatura de combustión de unos 


1.000 *C y se traspasa el calor mediante intercambiadores al fluido 
portador agua. Puesto que son suficientes normalmente 70 *C para 
el fluido portador, es recomendable prescindir de la combustión de 
fuentes de energía fósiles y estudiar una planificación integral. Para 
poder utilizar calor de energías ecológicas, cabe la posibilidad de 
utilizar el calor terrestre (energía geotérmica superficial) > pág. 475, 
en combinación con sistemas de bombas de calor, unir la producción 
de calor y la de electricidad (cogeneración) о recurrir a fuentes de 
energía neutras en cuanto al СО», como la madera. También puede 
almacenarse durante los meses de verano la energía del medio 
ambiente (energía solar térmica) en acumuladores térmicos y po- 
nerla a disposición en la temporada de calefacción. 


Distribución del calor 

El sistema de calefacción más frecuente es la calefacción de agua 
caliente (CAC). En ella se transporta el calor producido en el gene- 
rador de calor por agua a los radiadores que lo emiten. El agua 
enfriada retorna al generador de calor, donde se vuelve a calentar 
(impulsión y retorno). Las calefacciones de agua caliente tienen una 
temperatura de impulsión máxima de unos 100 °С, aunque en la 
actualidad tienden a rondar los 45-70 °С. Las instalaciones térmicas 
con temperaturas de impulsión de más de 120 °С se consideran 
calefacciones de agua muy caliente y se utilizan sobre todo en el 
abastecimiento de calefacción urbana. 

La distribución del calor se realiza normalmente en un circuito 
cerrado de calefacción con bombas. Se distinguen diferentes 
redes de tuberías > Ө - Ө. 


Generador de calor con gas o gasóleo 


Combustión de gas: en los últimos años se ha venido utilizando 
gas natural para la calefacción. Ventajas y desventajas: sin costes 
de almacenamiento, poco mantenimiento, liquidación y pago después 
del consumo, aplicable en zonas de protección de aguas, regulable 
fácilmente, alto coeficiente de rendimiento anual. Aplicable para la 
calefacción de viviendas o locales individuales (calentadores/calde- 
ras murales). Bajo impacto medioambiental. Dependencia de la red 
de suministro. Costes energéticos elevados. El cambio de gasóleo 
a gas requiere, casi siempre, una reforma de la chimenea. 

Combustión de gasóleo: en la actualidad son frecuentes las cale- 
facciones de gasóleo. Ventajas y desventajas: independiente de la 
red de abastecimiento pública, fácilmente regulable, altos costes de 
almacenamiento e instalación de! depósito. En edificios de alquiler, 
la superficie de la sala de máquinas se pierde como superficie de 
alquiler. En zonas de protección de aguas o con riesgo de inunda- 
ciones solo es posible cumpliendo severas directrices. Liquidación 
y pago anterior al consumo. Alto impacto medioambiental. 


Generador de calor con combustibles sólidos 

Para la calefacción de edificios se utilizan con menos frecuencia 
carbón (hulla, antracita o lignito) о madera. Como se liberan grandes 
cantidades de contaminantes al medio ambiente según el combus- 
tible, las leyes son cada vez más exigentes para su uso. Ventajas 
y desventajas: bajos costes de combustible, gran trabajo para el 
funcionamiento, necesario gran almacén de combustible, alta con- 
taminación e insuficiente posibilidad de regulación. 
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Convección en radiadores por 
elementos situados en paredes 
interiores 


Convección en radiadores por 
elementos situados en la ventana 
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Convección en convectores 


Convección en superficies radiantes 
empotrados en el suelo 


(paredes, techos o suelos) 


Anchura Si el nicho donde se coloca 
el radiador es profundo, se 
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Dimensiones de los radiadores 


Dimensi los radiadores 
!телаіспаз 061081201 de fundición, según DIN 4703 


de fundición, según DIN 4703 


Long. 46 mm Distancia 
ata Жел Altura | entre ejes de | Profundidad 
H—— а = 


OEE E 
70, 160, 220 


Dimensiones (mm) de radiadores 
de fundición normalizados según 
DIN 4703 


190-2800 mm 
altura „4 


©) Radiadores tubulares (3 tubos) 


ө 


Distancia 
entre ejes de 
elementos 


Dos columnas con panel de convección doble; 


proporción de calor por radiación aprox. 14 9% Profundidad 


Altura 


1 [160,250 —— | [160,250 |] 


70, 110, 160, 
220 
70, 110, 160, 
220 
70, 110, 160, 
220 


Dimensiones (mm) de radiadores 
de acero normalizados según 
DIN 4703 


Dos columnas con panel de convección simple 
proporción de calor por radiación aprox. 18 % 
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Dos columnas sin paneles de convección 

proporción de calor por radiación aprox, 21 % 


© Secciones horizontales por paneles O 


res 


Altura hasta la 
cabeza 180 cm 


| Calefacción por radiad 
Calefacción en techo 


Calefacción ideal 
Calefacción en el suelo 


Calefacción por aire 


16* 20° 24° 16° 20*24*  16* 20° 24° 16" 20° 24* 16” 20* 24* 


Curvas de temperatura ambiente para la valoración fisiológica del sistema 
de calefacción 


16* 20' 
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INSTALACIONES 
INSTALACIONES TÉRMICAS 


Emisores de calor para locales 

Ubicación y convección de emisores de calor > @ - Ө 

Los radiadores colocados debajo de ventanas pueden causar efec- 
tos de corriente de aire en el entorno de la misma. El aire calentado 
ascendente frena el aire frío en las superficies acristaladas => @. 
Los radiadores colocados en paredes interiores pueden poner en 
marcha una recirculación del aire que causa que el aire frío se 
mantenga cerca del suelo y el aire calentado se.encuentre debajo 
del techo. Las diferencias de temperatura elevadas entre el suelo 
y el techo provocan malestar > Ө. 

Las superficies radiantes (calefacción de suelo, techo, pared ra- 
diante) funcionan a través de los paramentos del local con tempe- 
raturas bajas. La emisión del calor se realiza exclusivamente a 
través de radiación, Gracias a la baja carga térmica en edificios que 
cumplen la Ordenanza alemana para el ahorro de energía (EnEV), 
los sistemas de superficies radiantes pueden aplicarse perfecta- 
mente sin incumplir las condiciones para el bienestar —> Ө. 

Los convectores no emiten calor por radiación, sino por transmisión 
directa a las moléculas del aire. Por ello, los convectores pueden 
revestirse o empotrarse sin que disminuya la potencia térmica. La 
eficiencia de un convector depende de la altura libre que queda por 
encima de él — Ө, véase también pág. 543. 

Tipos de emisores de calor 

Los radiadores por elementos están hechos de tubos de acero, 
hierro fundido y acero. Emiten hasta el 40 % de su calor en forma 
de radiación. Los radiadores de tubos de acero se comercializan 
como radiadores de dos a seis columnas, no tienen aristas vivas y 
presentan una alta potencia con relación a su longitud — Ө. 

Los radiadores de acero > Ө forman bloques de elementos 
soldados entre sí y tienen en sus extremos manguitos que posibi- 
litan la unión de varios bloques. Hasta hace unos años eran los 
emisores estándar de calor para calefacción de agua caliente, 
aunque en la actualidad se prefieren los paneles. 

Los radiadores de hierro fundido tienen una penetración en el 
mercado muy reducida. Reaccionan con mucha inercia a los impul- 
sos de regulación, pero son altamente resistentes a la corrosión > Ө. 
Los paneles consisten en placas dobles de chapa de acero lisa o 
en relieve, a través de las cuales fluye el agua caliente. La superficie 
frontal emite el calor en su mayor parte en forma de radiación. En 
el lado posterior se realiza la emisión al aire a través de convección. 
Si se montan varios paneles uno tras otro aumenta corres- 
pondientemente la proporción de emisión del calor mediante 
convección. En la práctica, se disponen hasta tres paneles paralelos. ` 
Gracias a su poca profundidad (2-5 cm) no es necesario disponer 
de nichos debajo de las ventanas (o solo de muy poco fondo), 
pueden transmitir hasta el 40 % de su calor en forma de radiación 
y funcionar con temperaturas de impulsión relativamente bajas (por 
lo que pueden funcionar con bombas de calor geotérmico). Para 
mejorar la potencia térmica, entre los paneles pueden colocarse 
chapas nervadas en vertical (chapas de convección) -> O). 
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A Атта ди арс Бу = СУК © Profundidad dei radiador H Ana tota del radiador 
B Distancia desde el suelo Е 
= Minimo: 70 mm, mejor 120 mm del radiador 


Variación de la radiación térmica según el tipo de revestimiento 
de los radiadores 
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distribución homogénea 
de las temperaturas 
(ida y retorno colocados 
en paralelo) 


disminución del calor 
del centro hacia afuera 
en doble serpentín 


en espiral: distribución 
homogénea de las 
temperaturas en serpentín 


Variantes de colocación de la red de tubos 
en suelos radiantes 
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Construcción del suelo Construcción del suelo 


- Recubrimiento/revestimiento - Recubrimiento/revestimiento 
- Pavimento de cemento flotante - Pavimento flotante seco 45 mm 
(recubrimiento mín. de tuberías: 45 mm)  - Lámina PE 0,2 


- Lámina PE 0,2 

- Alstante 40 mm 

- Аізіапіе contra el ruido de impacto 
- Forjado en bruto 


- Módulo de montaje/capa aislante 30 mm 
- Aislante contra el ruido de impacto 
- Forjado en bruto 


12) Suelo radiante (montaje húmedo) 
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Ө Suelo radiante (montaje seco) 


ARA 


Construcción del suelo 

- Recubrimiento/revestimiento 

- Pavimento flotante (p. ej., ladrillos) 20 mm 
- Lámina РЕ 0,2 * 

- Módulo de montaje/capa aislante 30 mm 4 
- Forjado en bruto А 


Variante de montaje де un techo 
radiante 


Suelo radiante: montaje de las 
tuberías en la capa de aislante 


Miniconvector (convector 
empotrable en el pavimento) 
en combinación con suelo radiante 
(croquis de funcionamiento) 

Р 


Өө Convector empotrado еп el suelo 


[8] Convector bajo © Convector empotrable 


INSTALACIONES 
INSTALACIONES TÉRMICAS 


En el caso de convectores, la emisión del calor se produce exclusiva- 
mente a través de convección — pág. 542. Las ventajas de este modo 
de transmisión de calor son el tiempo reducido para caldear el espacio, 
mientras que las desventajas son: la recirculación del aire intensa, tor- 
bellinos de polvo y emisión de ruidos. Para aumentar la potencia pueden 
colocarse ventiladores en convectores con zanjas de empotramiento 
demasiado bajas (p. ej., convectores empotrables en el pavimento). 
Debido al ruido que generan, en el ámbito residencial solo son de limi- 
tada aplicación los convectores con ventilador. 

En acristalamientos hasta el suelo, los convectores empotrables — Ө 
pueden sustituir a los radiadores (sobre todo en elementos acristalados 
correderos). 

Los miniconvectores o convectores empotrables en el pavimento 
=» @, que se integran a ras en el suelo, pueden combinarse bien con 
sistemas de superficies radiantes (p. ej., suelo radiante). Son muy apro- 
piados para no tener que poner en marcha el suelo radiante en las 
temporadas de entretiempo, debido a que el tiempo de reacción es 
lento. 

Revestimientos de radiadores: los radiadores pueden tener diferentes 
revestimientos. La disminución del coeficiente de rendimiento supone 
un 10-15 %. En caso de tamaño insuficiente de los huecos de admisión 
y expulsión de aire pueden originarse pérdidas de hasta el 30 %, que a 
su vez deben suplirse mediante emisores de calor más grandes para 
cubrir la demanda de calor. 

En revestimientos metálicos la proporción de calor por radiación al aire 
del local se transmite casi completamente; en revestimientos de otros 
materiales, con una conductividad térmica menor, se aísla fuertemente 
el calor por radiación > pág. 542 > Ф. 

Suelo radiante: cuando la calefacción se coloca en el suelo, el calor se 
transmite por la superficie del pavimento tanto al aire сото a las paredes 
y al techo. La transmisión de calor al aire se realiza por convección; 
es decir, por el movimiento del aire junto a la superficie del pavimento. 
En cambio, la transmisión a las paredes y al techo se efectúa por radia- 
ción. El rendimiento varía en función del tipo de pavimento entre 70 y 
100 W?/m?. Puede instalarse prácticamente en cualquier clase de pavi- 
mento convencional de cerámica, madera o textil; de todas maneras, la 
resistencia térmica no debería ser superior a 0,15 m2kW. El pavimento 
colocado encima de las tuberías de calefacción ha de ajustarse a la 
norma DIN 18 560 o a las recomendaciones del Zentralverband des 
Deutschen Baugewerbes. El grosor del pavimento depende del tipo, de 
su manipulación y de las tensiones a que esté sometido. 


с) libre (calienta d) empotrado 
2 salas) en la pared 


b) delante de 


Berea la e) empotrado 


en la pared 


Y 


h) debajo del suelo 
con aspiración de 
aire por ambos lados 


7) detrás de un banco 


f) debajo del suelo g} debajo del suelo 
con aspiración con aspiración 


de aire de aire frío 


Ф Diferentes sistemas de montar convectores, según GEA 
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Aguas residuales 
Climatización 
Instalaciones 
térmicas 
Estaciones 
depuradoras 
particulares 


DIN 18560 


Técnicas de la 


construcción 


pe 


INSTALACIONES. 


Aguas residuales 
Climatización 
Instalaciones 
térmicas 
Estaciones 
depuradoras 
particulares 


DIN 4725 
DIN 4755 
DIN 51603 


Técnicas de la 


construcción 


k L—— Ea 


73 +73 +73 4 
cm ст cm 


Contenedores de nailon en batería 
(como máximo 5 contenedores) 


К— 167 cm~ 


Contenedores de nailon (poliamida) 
en batería (alzado lateral) 


+ Dimensiones máximas en mm 


20 


т 


Capacidad nominal Y 
en litros (бҥт) 
DIN (antes) 


Masa m 
(con accesorios) 
en kg 


aprox. 40-60 kg 


1.100 (1.100) 
1.500 (1.600) ` 


15) Dimensiones de las baterías de tanques (baterías de contenedores) de plástico 


Capacidad Dimensiones en mm (mínimas) Peso en kg de 

Р E Dmatro Grosor plancha ol 
exterior d, | Longi- = 

wa |t |2 | Созшаз [11 12 

"Er 
. pared 

1 100 | is) | 3 |_- | ж | -[- ] 
3 1.250 2740] _5 3 - as) | -[- | 
5 1.600 | 2820] 5 3 | so | тоо | 700 тө | 
7 1.600 3 3 500 885 | эзо | eso | 
[o |та [м 5 [3 [5% [їз] | 2501300 
16 1600 | вв 5 | з | soo | 1800] | 1.850] 1900] 
20 | æ | esl 6 | s [600 [3% [402450 
- 25 2.000 8.540] 6 3 eoo | 2750] [2.850] 2.900 | 
ю | 2o [oia] в [з [000 [зз] [3400] заво 
40 2.500 8.800 7 | 45) | воо | 4200 | 4.400] 4.450 | 
50 2500 [i0s00| т | 4 | eoo | s100] — [5005350] 
°0 2500 + | eoo [e100] | s300] 8350 

EE EN Peso en kg de 
Үр; |" 

А 8 
17 1250 | 1580] 5 | - | so | _- [ -| - [зв | 
тв в во | Гэв | 
as | 1800 [z] ШЕШЕГЕ 
3 150 | zeo) s | a | so | moj zs | -| 70] 
6 2000 | 2220| s | - | sof- -| -| - [00] 
7 таю | змо 5 | 3 [500 | asf s0 [ss] -7] 
o [1000 f sso s | a [ 5 [12%0[12%0 | 1250] >] 
18 1.800 KEN 
20 2000 | вав в | з | eo 220012280 [290] -| 
25 2000 [esto] в | a | soo [2750] 2000 | 2800] -] 
30 2000 |to120] 6 | з | 600 [3s00|35s0] - | - | 
E ТОЕП 
40 2.500 8800] 7 | 4 | 60 | 4250] - | 
[ so [>з _[юзо| 7 [| a | so о 5180] - [7] 
| аю SC ACI IO E |. Гела 
z | [эю | олоо exa -[._ 
2500 | eses] ә | - | sœ | - | - [es] | 


16) Dimensiones de los tanques cilíndricos de gasoil (contenedores) > Y) 
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INSTALACIONES TÉRMICAS 


Si el pavimento de cemento continuo se realiza con cemento 
NR 20 y los tubos de calefacción se colocan directamente sobre el 
aislamiento térmico, estos deben recubrirse al menos 45 mm. Sin 
el pavimento, el grosor total es de 75 mm. El pavimento se dilata 
al poner en marcha la calefacción, por lo que aparecen diferencias 
de temperatura entre la cara inferior y la superior del suelo. En los 
pavimentos cerámicos, a causa de las dilataciones diferenciales, 
aparecen tensiones de tracción en la cara superior del pavimento, 
que solo pueden absorberse por armaduras en la zona de compre- 
sión. En los suelos con parqué o moqueta puede prescindirse del 


“refuerzo, ya que la diferencia de temperaturas entre la cara superior 


e inferior del pavimento es menor que en el caso de pavimentos 
cerámicos. En la norma DIN 4725 (suelos radiantes con agua ca- 
liente) se enumeran las temperaturas máximas admitidas en la cara 
exterior del pavimento situado sobre una calefacción por agua 
caliente: en los ámbitos de estancia, 29 °С; en la zona perimetral 
(que no puede tener una anchura mayor a 1 т), 35 °С. En los baños, 
estos valores pueden incrementarse en 9 *C. Por lo general es 
posible cumplir estos requisitos, ya que la necesidad de calor pocas 
veces es superior a 90 W/m?. 


Almacenamiento de gasoil: La cantidad de gasoil almacenado 
debería ser suficiente para tres meses como mínimo y para un in- 
vierno entero como máximo. En el cuarto de la caldera pueden 
almacenarse como máximo 5.000 |. Los depósitos deben estar 
situados en un contenedor de seguridad con capacidad para toda 
la cantidad almacenada. Los depósitos soterrados deben cumplir 
ciertas medidas de seguridad contra fugas; p. ej., tanques de doble 
pared o con un revestimiento sintético interior. En las zonas de 
protección de aguas subterráneas existen prescripciones de segu- 
ridad adicionales y ciertas limitaciones en la cantidad que puede 
almacenarse. En el interior de los edificios suelen instalarse baterías 
de tanques de plástico con una capacidad de 500-2.000 | cada uno, 
о tanques de acero soldados in situ y cuyo tamaño se puede fijar 
a voluntad. El depósito debe ser transitable. Se ha de controlar la 
estanqueidad del tanque a intervalos regulares. También en este 
caso, el cuarto donde se encuentre el tanque debe ser capaz de re- 
coger todo el gasoil almacenado. Los tanques o baterías de tanques 
deben tener conductos de ventilación, medidas para evitar que se 
llenen demasiado y, según el tipo de almacenamiento, una alarma 
de vertido (p. ej., en los tanques soterrados en el suelo). 
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Tanque para almacenar gasoil 
(alzado lateral) 


Tanque para almacenar gasoil 
(alzado anterior) 


Módulos 
prefabricados 


Recubrimiento 


Envoltura 
prefabricada 


Barra de control 


Tanque SS 


semienterrado 


Artesa prefabricada de protección 


© Tanque semienterrado para tanques de gasoil 
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EN Г > | ESTACIONES DEPURADORAS PARTICULARES 

d E > > Las minidepuradoras son instalaciones para ia depuración de 

» ы aguas residuales que se aplican cuando no es posible la conexión 
O Ф | 


a las plantas depuradoras municipales debido a razones técnicas, 
© legales estatutarias o económicas, como, p. ej., cuando no existe 


alcantarillado público o como medi rovisi y 
11) Variantes básicas de fosas sépticas de varios ciclos arillado р como medida provisional. Solo se deben 


O obra de fábrica и hormigón іп situ, © y © hormigón prefabricado evacuar al sistema aguas residuales provenientes de, р. ej., cocinas, ` 


lavaderos, cuartos de baño y aseos. 

Principio de una minidepuradora: 

1. Depuración mecánica; es decir, decantación de lodos en una 
fosas séptica de varios ciclos — @ + Ө. 

2. Depuración biológica en una zanja de filtración o filtro percolador 
o mediante infiltración al subsuelo. 

La construcción de una minidepuradora consta generalmente de: 
Fosa séptica de varios ciclos, arqueta de distribución, zanja de 
filtración (filtro percolador o infiltración al subsuelo), pozo colector, 
emisor. 

Proceso de depuración 

Primero se decantan y separan los lodos (depuración mecánica) 
de las aguas residuales domésticas en una fosa séptica de varios 
ciclos, donde se depositan las partículas flotantes y sedimentarias. 
De ahí se llevan a una arqueta de distribución, desde la que se 
descarga periódicamente a los ramales de una zanja filtrante (tu- 
berías de drenaje) o a un filtro percolador (depuración biológica). 
Los ramales de evacuación de la zanja (tuberías de drenaje) desa- 
guan a través de un pozo colector a un emisor o pozo de infiltración 
en el terreno. En una fosa séptica de varios ciclos tiene lugar el 
proceso meramente mecánico de la depuración: se depositan las 


materias insolubles y sedimentarias de las aguas residuales (deno- 
Fosas sépticas de varios ciclos de prefabricados de hormigón con dos o tres ; iA 
secciones de prefabricados de hormigón. Planta y secciones minado decantación) “= © $ O. 


En una zanja filtrante se efectúa la depuración biológica (trata- 
miento posterior) de las aguas residuales. Las aguas residuales se 


9 © filtran por un dren a través de una capa de grava fina (2-8 mm), el 
v 11 O) denominado vertido filtrante, a un dren situado a más profundidad 
A 11 © (mín. 1,25 m). Desde aquí, las aguas fluyen a un emisor — 6). 
dl. о os 5 9 Cantidades de aguas residuales 

Ф Para un edificio de viviendas deben calcularse 150 Vhabitante. Para 


o <30 == otros edificios son válidos los denominados equivalentes de habi- 


tante: 150 | cada: 
-~ tres plazas en tabernas sin cocina 


® - una plaza en restaurantes con cocina y una ocupación máx. de 
® Ш 16) © O cada plaza de tres veces por día 
Ф - diez plazas en locales de restauración con jardín sin cocina 


- dos empleados en fábricas o talleres sin cocinas 
Principio de una zanja filtrante. Planta y secciones Е: и" E * р 
© O fosa séptica de varios ciclos, (2) arqueta de distribución, (3) ramales de ida, tres empleados en edificios de oficinas sin cocinas. 


(2) ramales de evacuación, © pozo colector, (0) emisor 


Fosas sépticas de varios ciclos 


Tanques de oxidación total de varios ciclos 


AS 
CT CO НИ 
ССИ CS O СН 


Volumen de la primera etapa 2/3 del volumen útil totat 1/2 del volumen útil total 1/2 del volumen útil tota! 
> 10.000-50.000 | 


> 50.000 | E 


Profundidad máxima admisible de agua 
* Cada unidad de vivienda de hasta 50 m? de superficie habitable debe contarse para un minimo de dos habitantes, en las de más de 50 m?, para cuatro habitantes como mínimo 


en volumen útil de 
3.000-4.000 ! 
> 4.000-10.0001 


(4) Dimensionado de fosas sépticas y tanques de oxidación total de varios ciclos según DIN 4261, parte 1 
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Aguas residuales 
Climatización 
Instalaciones 
térmicas 
Estaciones 
depuradoras 
particułares 


DIN 4261 


Técnicas de la 


construcción 


CHIMENEAS 
PATINEJOS DE 
VENTILACIÓN 


Chimeneas 
Hogares abiertos 
Patinejos de 
ventilación 


Ordenanza 
modelo sobre la 
edificación 

DIN EN 1443 
DIN V 18160 


véase también: 
Protección contra 
incendios, 

pág. 520 y ss. 


Técnicas de la 


construcción 


*techo blando 


а I 40/80* 


>, 


E 
A 


| ЪЪ] 


Efecto del viento en el tiro 
de las chimeneas 


Altura de la chimenea por encima 
de la cubierta 


Elemento 
de remate 


Elemento 
Puertas de planta 


de revisión 


Ventilación 10 


del cuarto de 
calefacción 
Conexión 
| de fuegos 
Registros 
Pieza compuesta | п! de limpieza 


14) Chimenea prefabricada 


Panel de fibrocemento 


Trampilla 


2 42/52 КЕЗ Chapa 


a superior 


Escalera 
reglamentaria Chapa 
Cámara 
ventilada 
Aislante 
exterior 


Bloque 
estructural 


En cubiertas con pendiente 
superior a 15°, es necesario 
colocar un tablero transitable, 
una pasarela de rejilla o un 
escalón 


Remate de chimenea/ revestimien- 


Ө Trampilla de salida to de chapa 


| 
~ 
© 


нева 


49 
Chimenea 


Hormigón 
Capa 
separadora 


Distancia entre chimenea y forjado 


17) Base de una chimenea de vigas de madera 
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CHIMENEAS Y PATINEJOS DE VENTILACIÓN 
CHIMENEAS 


Las chimeneas son conductos situados en el interior de los edificios 
o adosados a ellos; sirven para expulsar los gases de combustión al 
exterior por encima de la cubierta. A una chimenea de tiro individual 
se deben conectar los hogares con un rendimiento calorífico nominal 
de más de 20 kW (en hogares a gas con un rendimiento de más de 
30 kW). En edificios de más de cinco plantas: todos los hogares 
abiertos y otros fuegos abiertos, todos los tuegos con quemador y 
ventilador. A chimeneas comunes se pueden conectar hasta tres 
fuegos para combustibles sólidos o líquidos con un rendimiento 
calorífico nominal de hasta 20 kW, o tres fuegos a gas con un rendi- 
miento calorífico nominal de hasta 30 kW. 


Secciones 

Las chimeneas de tiro deben tener una sección rectangular o circu- 
lar. La sección mínima para chimeneas de piezas prefabricadas es 
de 100 стг, el lado menor de 10 cm (en chimeneas de obra de fá- 
brica, 140 cm? y 13,5 ст). El lado mayor no debe ser más de 1,5 ve- 
ces el lado más corto. La sección se calcula o se extrae de las tablas 
evaluadas de los productores de chimeneas > Ө - ©. 

Para evitar la formación de condensaciones, debería aprovecharse 
completamente la capacidad del conducto de evacuación de humos. 


Protección contra incendios 

Las superficies exteriores de chimeneas deben quedar > 5 cm ale- 
jadas de materiales de construcción sin y con contribución al fuego. 
Los materiales no combustibles pueden colocarse sin separación o 
deben separarse mediante juntas aisladas de 2 cm de anchura. 


Chimenea de piezas prefabricadas 
con conducto de ventilación 

(para la ventilación del cuarto 

de calderas) 


O 


© Chimenea de piezas prefabricadas 


Alturas 

La altura mínima (distancia plano de combustión-boca de la chime- 
nea) es de 4 m (en chimeneas comunes, 5 m). La embocadura de la 
chimenea debe disponerse a > 40 cm por encima del punto más alto 
de cubiertas con pendientes > 20°, о a 1 m por encima del resto de 
cubiertas. Las chimeneas en cubiertas con construcciones situadas 
a menos de 1,5-3 veces su altura sobre cubierta deben sobrepasar- 
las > 1 m. La embocadura de chimeneas en cubiertas con pretil 
perimetral cerrado tienen que sobrepasar el canto superior del mis- 
mo21m-=0. 


Ejecución Р 

Aparte de los sistemas tradicionales de obra de fábrica de una hoja, 
en la actualidad se utilizan sistemas de multipared de piezas pre- 
fabricadas modulares (conducto de evacuación de humos, aislan- 
te, pieza exterior, quizás con conductos de ventilación incluidos) 
— Ө - Ф. Además existen chimeneas prefabricadas — Ө con 
unidades de montaje de la altura de una planta y chimeneas de 
acero completamente prefabricadas. Las chimeneas deben fabricar- 
se estancas a gases con materiales resistentes al fuego, la tem- 
peratura en las superficies exteriores no deben exceder los 100 °С. 
Las chimeneas deben ir apoyadas sobre cimientos y arriostradas 
en toda su altura. Cada chimenea tendrá un registro para limpieza 
e inspección > Q (> 10/18 cm, como mínimo 20 cm por debajo 
del acoplamiento del generador de calor inferior). Las chimeneas que 
no se pueden limpiar desde su remate tienen que disponer de otra 
abertura de limpieza en el desván. 


CHIMENEAS Y PATINEJOS DE VENTILACIÓN 
HOGARES ABIERTOS 


Los hogares abiertos deben tener una estructura segura y estar 
construidos con materiales no combustibles. 

Se utilizan piezas o placas de arcilla refractaria, ladrillos y bloques 
adecuados para chimeneas, al igual que hormigón resistente al 
fuego y fundición gris. Las campanas también pueden ser de cha- 
pa de acero, bronce o cobre. 

Cada hogar debe tener conexión con su propia chimenea de 
sección adaptada a la combustión — Ө + Ө. La chimenea debe 
construirse junto al hogar. La altura eficaz de la chimenea desde 
la salida de humos hasta la embocadura > 4,5 m. El acoplamiento 
del conducto de unión a la chimenea debe realizarse con un ángu- 
lo de 45° > Ө - Ө. 

Los hogares abiertos no deben colocarse en locales con una su- 
perficie menor de 12 m? y debe garantizarse una impulsión de aire 
suficiente. Son ventajosos los conductos de ventilación que llevan 
el aire hasta la boca de la cámara de combustión (p. ej., situados 
en el zócalo del hogar) -> Ө. Desde la boca del hogar debe guar- 
darse una separación > 80 cm hacia delante, hacia arriba y hacia 
los lados respecto a los elementos constructivos y otros elementos 
combustibles > Ө + Ө. 


N 
(1) Formas de superficies 


de radiación 


1 2 3 4 


. |16- 30- 


12] Posible disposición de Ө Posible disposición de hogares 
hogares abiertos por una cara 


abiertos por una o dos caras Volumen aprox. 
de la sala (m3) 


Tamaño de la 


Medidas nominales ¡60/ 


@ (ст) de la 


Con protección 
0 frente a la radiación 


«1 Sin protección 
3 frente a la radiación 


Conducto de aire 


Separación entre el hogar Protección de un pavimento к 
ө De melles Кед ЖА combustible delante de la entrada Ө Medidas de los hogares abiertos 
de aire 


H i А . 
16) бокс Мана 17) Hogar abierto por dos caras © Hogar abierto por tres caras (10) Instrumentos para chimeneas 
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CHIMENEAS 
PATINEJOS DE 
VENTILACIÓN 


Chimeneas 
Hogares 
abiertos 
Patinejos de 
ventilación 


véase también: 
Protección 
contra incendios, 
pág. 520 y ss. 


Técnicas de la 


construcción 


MOE CHIMENEAS Y PATINEJOS DE VENTILACIÓN 


PATINEJOS DE VENTILACIÓN 
cl уй еа де Los baños y los aseos interiores deben ventilarse a través de pati- 
нан? nillos y conductos. Antiguamente estos patinillos de ventilación 


(parecido a las chimeneas) se fabricaban en obra. Sin embargo, en 
la actualidad se montan casi exclusivamente:conductos de venti- 
lación en patinejos de instalaciones como parte de las instalaciones 
de un edificio. 


Sistemas de ventilación sin ventiladores 

Patinillos de ventilación de obra de fábrica sin ventiladores — Y) 
- Ө prácticamente no requieren mantenimiento, pero necesitan 
mucho espacio. Su funcionamiento (ascensión térmica) depende 
mucho de las condiciones climáticas y a menudo falla en situacio- 
nes meteorológicas desfavorables. Debido a la transmisión de 
sonidos y las pérdidas térmicas, los sistemas de ventilación sin 
ventiladores mecánicos ya no se corresponden al nivel actual de la 
tecnología, aunque todavía se encuentran en numerosos edificios 


Entrada de aire desde | 
sala adyacente, sección 
libre mínima: 150 стг | 


Extracción НҢ Sección mínima =10 
Pieza de В del hueco de Extracción 


5 5 ; Pieza de 
separación G ко separación 


Entrada impulsión 
de aire de aire 


Sección + 
Sección 4 existentes. 

5 Вало + Cada local cuenta con un conducto que sobresalga de la cubierta 

| [ШИЕ]; == según las disposiciones para las embocaduras de chimeneas 


(> pág. 546) con una sección mínima de 140 cm2, En el extremo 


Oo Ventilación individual (ventilación (2) пон у ев (ventilación inferior de los patinillos se han de colocar conductos de admisión 
о Gotonia, 


tipo Berlín) de aire que dan al exterior. 


№ máximo de acometidas en conductos 
secundarios dada una айига media eficaz de: 


Base de impulsión: 


F DN 80 x 3 cm de 

У 5 20х17 
8 20 x 20 12 х 20 
3 25 х 20 12 x 20 
5 20х17 2х9/17 
в 20 x 20 2 x 12/20 
8 25 x 20 2x 12x20 
5 2 x 20/17 9x17 
6 2 x 20/20 12х20 
8 2 х 28/20 12 х 20 


© Tabia para el cálculo de conductos verticales de ventilación con impulsión 


Н térmica 
Extracción de aire de una Extracción de aire de dos 
habitación mediante un sistema habitaciones mediante un sistema Я СИЕР n 
de ventilación de ventilación empotrado Sistemas de ventilación con ventiladores 


La ventilación de locales húmedos de viviendas y edificios no resi- 
denciales, como escuelas, hoteles, restaurantes y similares, se 
realiza mediante ventiladores individuales o colectivos para múltiples 
locales > 6) - Ө. Las instalaciones de extracción deben dimen- 
sionarse para una renovación del aire de cuatro veces por hora en 
los locales que hay que ventilar. El caudal suficiente para baños, 
también con inodoro, es de 60 m3/h, y para aseos, de 30 m?/h por 
cada inodoro. Cada local interior del que deba extraerse aire car- 
gado debe tener huecos de admisión de aire fresco que no puedan 


CHIMENEAS ЭБ 
PATINEJOS DE obturarse. La sección de paso debe ser de 10 cm? por cada тз de 
VENTILAGIÓN volumen del local. Las fugas a través de la puerta pueden calcular- 
Chimeneas se con 25 cm?. La temperatura de los baños по debe ser inferior a 


Ese Sistema de ventilación centralizado ө comun саал рн 22 °С para permitir la ventilación. Velocidad del aire en estancias 

ventilación conextracción porencima de cubierta dários е > 0,2 m/s. El aire extraído debe llevarse al exterior, y en sistemas 
de ventilación individuales se puede descargar a desvanes sin uso 
y bien ventilados. Cada sistema de ventilación individual tiene que 
disponer de su propio conducto principal. Los sistemas de extrac- 
ción centralizada comparten un conducto principal para varias 
estancias — Ө. 


DIN 18017 


Protección contra incendios 

Según la ordenanza alemana los conductos de ventilación, incluidos 

Técnicas de la $ 3 9 sus revestimientos y aislantes, deben fabricarse con materiales no 
construcción E combustibles. Las instalaciones de ventilación en edificios de más 

` ; de dos plantas sobre rasante (y más de dos viviendas) o instalacio- 

nes que atraviesan muros cortafuegos, deben construirse de modo 

que пі el fuego ni el humo puedan propagarse a otras plantas о 


Sistema de ventilación centralizado Sistema de extracción de aire 
(7) con varios conductos principales centralizado con varios conductos sectores de incendio. 
separados principales 
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ambulancia, 304-306, 400 

ambulatorio, 303-309 

americana, 162 

amoníaco, 469 

amortiguador de radar, 124 

amortiguador del sonido, 92, 490 

amortiguador térmico, 167, 254 
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ángulo de rozamiento, 26-27 
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aprovisionamiento de ropa, 327 
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armario-cama 170 

Arón Ha-Kodesch, 300 
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baptisterio, 298 

bar, 4, 187, 188, 191, 230, 235-236, 266, 369 

barandilla, 31, 68, 108, 132-136, 167 
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batería de patinejos, 538 

batidor de bola, 164 
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bloque de termoarcilla, 87 

bloque en altura, 149 

bloque hueco, 27-28, 87 

bloque quirúrgico, 313-314 


Índice de 


términos 


559 


Índice de 
términos 


ÍNDICE DE TÉRMINOS 


bloques con patios, 150 
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cabina para comentaristas, 330 
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caravana, 199 
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carga de viento, 238 
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carga permanente, 26-31 
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carilión, 299 

camicería, 268, 273, 292 
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352, 382, 474-475, 483, 529-535, 
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caudal de agua pluvial, 531, 535 

caudal de agua residual, 531, 535 

caudal de ventilación, 254, 328 
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cazuela, 164 

celosía, 115, 177, 277, 509 

célula de combustión, 479 

célula fotoeléctrica, 16, 128 

célula fotovoltaica, 475 

célula solar, 476 

cementerio, 433-435 

cemento, 27, 29, 81 
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central de energía, 285, 475 
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central técnica, 328 
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centro de educación superior, 210-218 
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centro de salud, 303, 309 
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424 

centro médico, 302 

centro quirúrgico, 309 

cepellón, 447 

cerámica, 26, 29 
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cerdo, 455-456, 459-460, 465 

cerradura, 57, 125, 129, 130 
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434, 460, 483, 522 

certificado de eficiencia energética, 485 
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chapa de convección, 542 

chapa de madera, 286 
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сісіо de producción, 275 
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ciclo de vida de un producto, 275 

cicio natural del agua, 445 

ciclo-pelota, 332-333 

cierre automático, 260 

cierre cortafuegos, 522, 526 

Cierre estanco al aire, 314 

cilindro de escobillas, 287 
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440, 490 
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cinta transportadora, 269 
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circo permanente, 239 
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cirugía, 306, 309-311, 314, 316, 321 
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clapeta, 461, 538 

claraboya, 109, 115, 368, 507, 537 

claridad acústica, 491 

clase de mortero, 77 
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cochera de explotación agrícola y forrajera, 
457 
cochinillos, 465 
cociente de iluminación natural, 504 
cocina, 13, 16, 18, 20, 35-38,147, 150-168, 
172, 174, 179, 180-181, 187-195, 324 
código de circulación, 415 
coeficiente de absorción acústica, 491 
coeficiente de absorción específico, 493 
coeficiente de consumo energético, 485 
coeficiente de escorrentía, 535 ` 
coeficiente de ocupación, 68, 75, 149 
coeficiente de rendimiento de combustión, 
59 
coeficiente de rendimiento de energías 
renovables, 475-476 
coeficiente de rendimiento de radiadores, 
543 
coeficiente de simultaneidad, 348 
coeficiente de transmisión de calor, 121, 484 
coeficiente de transmitancia térmica, 117, 
480 
cogeneración, 475, 479, 541 
colchoneta, 200, 337, 368 
colector, 84, 445, 462, 531, 534-535 
colector de calor, 118 
colector geotérmico, 478 
colgador de ropa, 358 
color, 51-53, 116, 120, 443, 497, 516 
columna de abastecimiento, 347 
combustibilidad, 522-523, 547 
combustible, 144, 295 
combustibles sólidos, 477, 541 
combustión de fuentes de energía fósil, 541 
comedero, 463, 464-465 
comedor escolar, 200 
compactación del suelo, 79, 81, 437 
compactador, 470 
compensación de presiones, 531 
competición, 335, 336, 338 
comportamiento frente al fuego, 521 
compost, 438, 450, 477 
comprensibilidad del lenguaje, 491 
compresión, resistencia a, 28, 86, 116 
compresor de amoniaco, 356 
compuerta, 218, 352, 445, 450, 461 
condensaciones, 102, 104, 118, 173, 178, 
382, 480- 482 
condiciones atmosféricas, 503 
condiciones climatológicas, 158, 462 
condiciones de audición, 231, 491 
condiciones de visibilidad, 331 
condiciones medioambientales, 403 
conducción, 49, 192, 217, 246, 254-255, 
328, 394, 412, 493, 495 
conducción y reflexión de luz natural, 254 
conductancia, 4 
conductividad térmica, 480-483, 543 
conducto, 59, 165, 175, 216-217, 284 
conducto de aire, 328 
conducto de climatización, 254 
conducto de evacuación de humos, 546 
conducto de gases de escape, 479 
conducto de instalaciones, 218, 254, 286 
conducto de ventilación, 284, 406, 489, 
544, 546, 548 
conducto para abastecimiento de agua 
contra incendios, 527 
conducto рага sprinklers, 328 
. Conejar, 462 
conejo, 459 
conexión, 3, 15, 73, 85, 201, 252, 303, 326, 
328-329, 381, 389, 415, 424, 533-534 
conexión del ferrocarril con otros medios de 
transporte, 424 


conexión eléctrica, 199, 347 

confesionario, 298 

congelador, 161, 163, 174, 190-191, 194 

conifera, 447 

conjunto de viviendas, 150 

conservación, restauración y 
modernización, 62-67, 222 

conservas, 326 

consigna, 196, 259, 395, 419, 423-424 

consolidación, 80, 329, 437-438, 448-449 

construcción apta para personas con 
discapacidad, 33-37 

construcción de viviendas, 147, 148, 169 

construcción sostenible, 58-59 

construir en el exterior, 433-454 

consultorios médicos, 32, 250, 265, 302, 
306, 309, 323 

consumo de papel, 249 

consumo energético de las personas, 133, 
485 

consumo energético, 70, 105, 260, 350, 
475, 485 

contador, 15-16, 18, 20, 476, 478-479, 494, 
527 | 

contaminación ambiental, 330 

contaminación electromagnética, 48 

contaminación por transportes, 59 

contaminante, 10, 48, 58, 275, 412, 541 

contención de tierras, 437 

contenedor cistema para líquidos o gases, 
422 

contenedor de agua, 461 

contenedor. de archivos, 252, 244 

contenedor de automóviles, 422 

contenedor de basura, 199, 284, 347, 473 

contenedor de hormigón, 218 

contenedor de pienso, 461 

contenedor de ropa, 291, 327 

contenedor de seguridad, 265 

contenedor especial, 216 

contenedor frigorífico, 422 

contenedor habitable para alojamientos 
provisionales, 422 

contenedor móvil, 260 

contrahuella, 132-134, 307 

contrato de obras, 73 

contraventana, 109, 111, 509 

control de acceso, 129, 250, 285, 329, 379 

control de detección de libros, 259 

control de dopaje, 349 

control de embarque aeropuerto, 428 

control de emisiones, 477 

control de enfermería, 317, 321 

control de entrada y salida, 130-131, 198 

control de humos y calor, 528 

control en aeropuerto, 428 

convección, 49, 116, 118, 192, 194, 480, 
539, 542-543 

convector, 254, 542-543 

cook & chill, 193-195 

coordinación logística, 327 

Copa Davis, 340 

copistería, 259, 263 

corcho, 29 

cordero, 462-463 

corral, 461-462 

correa, 30, 31, 98-100 

corredor exterior, 152, 156 

correo neumática, 243, 324, 325 

corriente eléctrica, 4, 17, 50, 287, 474, 477, 
479, 485, 495, 511 

corrimiento de tierras, 437 

cortacésped, 444 

cortafuegos, 128, 199, 226, 234, 267, 307, 
442, 520, 522-530, 548 

cortavientos, 12, 125, 158-159, 207, 265, 
374 

cortina, 108, 11, 127-128, 162, 221, 225, 
258, 289, 366, 461, 

cortina metálica contra incendios, 225 

costes de consumo de energía, 254 

costes de encofrado, 255 

costes de la construcción, 68-75, 77 

costes de las instalaciones de climatización, 
254 

costes de mantenimiento, 62, 260 

cota, 9, 70, 79, 82, 121, 239, 254, 459, 471 

crematorio, 433, 434, 435 

cría de animales 462-468 


cuadras, 353, 354 

cuadro eléctrico, 229, 308-309, 319, 358 

cuarto de máquinas, 142-146 

cuarto oscuro, 204, 218, 308, 312, 315 

cuartos de instalaciones, 187 

cuba de inmersión, 384, 386 

cubertería, 192 

cubertero, 188 

cubierta, 2, 6, 18, 30-31, 47, 55, 62, 
75-76, 97-107, 114, 124, 132-134, 137, 
151, 170, 197, 239, 241, 275, 277, 340, 
361, 403, 476, 480, 482, 484, 494-495, 
506, 508-509, 522, 524, 528, 535-536 

cubiertos de mesa, 186 

cubo de basura, 472 

cuidados intensivos, 305, 307, 320-321 

cultivo frutales agroindustriales, 442 

cumbrera, 97, 460 

cuna, 320 

cuneta, 420 

cúpula, 115, 231, 239, 277, 502 

curing, 357 

curva de líneas visuales, 224, 354 

curva de temperatura ambiente, 542 

curva parabólica de graderías, 330-331 
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decágono, 42 

decantación, 26, 414, 445, 452 

decibelio, 486 

deflector, 529, 537 

deformaciones horizontales, 257 

delfín de amarres, 346 

demanda energética, 59, 254, 329, 475, 
479, 483, 485 

densidad de corriente en el cuerpo humano, 
50 

densidad de iluminación cenital, 507 

densidad de luminancia, 510 

densidad de radiación, 510 

densidad de tráfico de personas en 
estaciones de ferrocarril, 424 

densidad habitacional, 149 

densidad lumínica, 510, 516-517 

densidad urbanística, 149, 150 

deporte, 32, 183, 196, 330-387, 518 

depósito de agua, 445 

depósito de ataúdes, 312 

depósito de cadáveres, 433 

depósito de decantación y captación de 
fangos, 414 

depósito de decorados, 227 

depósito de fueloil, 296 

depósito de libros, 259, 261 

depósito de retención de aguas pluviales, 
427 

depuración de aguas residuales, 545 

depuración mecánica, 545 

depuradora, 452, 532, 534, 539, 542, 544 

desagúe/70, 80, 84, 138-139, 273, 311, 
331, 394, 416, 440, 445, 448-449, 462, 
529, 531-532, 536 

desarrollo histórico, 147 

desarrollo sostenible, 58 

descansilto, 31, 135-137, 405 

descontaminación del aire, 314 

desecado, 79 

desinfección, 327 

desintegración de isótopos, 475 

deslizamiento y corrimiento de tierras, 437 

deslumbramiento, 115, 122, 166, 242, 248, 
331, 368, 372, 504-505, 507-511, 
514-516 

despacho, 244-245, 253 

despegue y aterrizaje, 429 

despensa, 161, 171, 174 

destructor de documentos, 250 

desván, 91, 102, 114, 135, 174, 523 

detalles constructivos, 93, 122, 346, 382 
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detección y alarma de incendios, 329 

detector, 131, 260, 520 

diablas, 226 

diagrama de barras, 74 

diagrama de flujos, 276 

diagrama de planificación fábricas, 275 

diálisis, 303, 306, 308 

diámetro nominal, 84, 532 

diapositivas, 56, 260-262, 324 

dibujo del tráfico, 397 

dibuja por ordenador, 6-7, 9-10, 22 

dibujo, 6-11, 22, 54, 57, 155, 210, 261, 436 

diferencia de presión acústica, 486 

diferencia de temperatura , 544 

difusión del vapor de agua, 481 

digestorio, 215-217 

dilatación, juntas de, 81 

dimensiones básicas y proporción, 38-47 

dintel, 89 

diodo emisor de luz, véase lámparas LED 

dióxido de carbono, 469 

dique, 346 

dirección de obra, 74, 123 

dirección del viento, 101, 347 

dirección visual, 248 

disco compacto, 261-262 

disco de curling, 357 

diseminadora, 457 

diseño con vegetación, 446 

disfraces, 228 

disminución de la intensidad acústica, 398 

dispensario, 307, 317, 319-320, 325 

disposición de ventanas, 108, 114 

disposición y agrupación de las aulas, 203, 
207 

dispositivo de seguridad suspendido, 113 

distancia de seguridad, 363 

distancia del observador, 279, 388 

distribución de comidas con carros 
térmicos, 319 

distribución de la luz natural, 504, 507 

distribución de temperatura, 481 

distribución de temperaturas en elementos 
de cerramiento, 480 

distribución del calor, 541 

distribuidor, 157, 181, 184, 195 

divisoria de vidrio, 251-252 

doble fachada, 111, 254, 475 

documento de idoneidad técnica, 521 

dormitorio, 37, 50, 154-155, 159-160, 167, 
169-172, 174, 181-182, 196-198, 383, 
501 

downlight, 514 

drenaje, 11, 78-85, 106-107, 337, 343, 356, 
358, 440, 445, 449, 455, 477, 536 

ducha para personas con discapacidad, 
319 

ducha sin tabique de separación, 376 

durabilidad, 59, 100, 264, 511, 523 

durmiente de madera, 95 


ebanistería, 286 

eco, 210, 231, 235, 491-492 

ecología urbanística, 475 

ecología, 48, 302, 306, 344, 475 

ecuación pitagórica, 42 E 

edificabilidad, 68, 75, 149, 250 

edificación, 34, 38-47, 68-77, 81, 149-151, 
155, 389-390, 455 

edificio administrativo, 127, 255, 265 

edificio bancario, 265 

edificio de almacenaje de embarcaciones, 
351 

edificio de aparcamiento, 236, 399-414 

edificio de oficinas, 32, 66, 67, 190, 
243-255, 541, 545 

edificio de producción y almacén, 275, 277, 
456 

edificio de viviendas, 32, 66, 67, 91, 105, 
111, 125, 141-143, 148, 153, 157-158, 
175, 202, 455, 483 

edificio industrial, 275, 531 

edificio representativo, 256 

edificio técnico y administrativo, 275 

efecto de succión del viento, 115 

efecto invernadero, 59, 503 

eflorescencia, 440 

eje de giro, 295 
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eje visual, 388 

ejión, 99 

elasticidad del vidrio, 119 

elastómero, 104 

eléctricidad, 2-22, 47-48, 50, 59, 62, 118, 
120, 128-131, 215-216, 229, 232, 238, 

electroacústica, 213 

electrocardiograma, 50, 302, 311 

electrodoméstico, 50, 161-163, 165, 175 

electrotecnia, 510-511 

electroterapia, 316 

elemento de apertura termosensible, 529 

elementos arquitectónicos, 43, 54 

elementos constructivos, 2-3, 31, 38, 47, 
54, 58-59, 62-63, 69-146, 148, 183, 305, 
315, 406, 445, 483, 525, 528 

elementos de comunicación vertical, 217, 
253, 255-257, 271, 303, 540 

elementos litúrgicos, 297 

elementos modulares, 47 

elevación y bombeo de aguas residuales, 
534-536 

elevador de coches, 289 

elevador de mesa de mezclas de audio, 232 

elevador para ampliación del escenario, 232 

elevador patemóster, 260 

eliminación de gases de escape, 289 

eliminación de residuos, 240, 312, 325 

elmiscopía, 218 

embarcación, 345, 347- 352 

embarcadero, 347, 349, 350, 452 

emisiones, 58-59, 148, 202, 328, 348, 427, 
477, 537, 540 

empalizada, 449 

етратаао, 443 

emparrillado anclado, 277, 289, 357, 448, 465 

empuje, 80, 82, 89, 232, 299, 331, 449 

enchufe, 165, 173-174, 328 

encofrado, 27, 73, 83, 92, 488 

endoscopia, 304, 311-312 

energía, 4-5, 50, 58-59, 72, 116, 129, 140, 
244-245, 275, 287, 460, 484-485, 514, ` 
538 

energía acústica, 398, 486 

energía de cogeneración, 479 

energía del medio ambiente, 541 

energía ecológica, 541 

energía eléctrica, 476, 510 

energía eólica, 350, 475 

energía fotovoltaica, 350 

energía geotérmica, 475, 478, 541 

energía hidráulica, 350, 475 

energía maremotérmica , 475 

energía primaria, 475, 480, 483-484 

energía renovable, 475-479 

energía secundaria, 475 

energía.solar, 148, 350, 476-477, 541, 503 

energía térmica, 192, 475, 477, 483, 538 

energía termosolar, 475 

enfermedades profesionales, 119, 183, 247, 
252 

enfermería, 182, 208, 241, 295, 303-308, 
320, 377, 379, 381 

епјагеїаао, 461 

enlace de autopistas, 390 

enlucido, 3, 29, 83, 85, 90-91, 126, 173, 
480, 482, 487, 488 

enredadera, 441 

enrejado 19, 127, 441-442, 494 

ensambladura, 99 

entarimado, 30, 93, 95, 369, 488 

entarugado, 95 

entibación, 79-80 

entomo ecológico en oficinas, 244 

entorno laboral, 244, 245 

entrada de aire, 460 

entramado, 28, 83, 90-91, 93, 103, 257, 
277,279, 285-286, 369, 448 

envolvente térmica, 483 

equilibrio biológico, 451 

equilibrio potencial de pararrayos, 496 

equinoccio, 497, 499- 501, 509 

equipamiento, 18, 33-34, 56, 65, 70, 72, 77, 
129, 138, 166, 171-173, 179-181, 184, 
192, 196-197, 201-202, 205-206, 208, 
210, 215-216, 283, 301, 305, 308-309, 
313, 325, 328, 330, 372, 406 

equitación, 353, 354 
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equivalencia de medidas, 23-32 

ergómetro de bicicleta, 310 

ergoterapia, 182, 323 

erosión, 437-438 

escala, 8, 72, 276, 388 

escala geométrica, 47 

escalera, 12, 31, 132-139, 141, 416 

escalera a la molinera, 132 

escalera común, 154 

escalera de caracol, 132, 135-136 

escalera de emergencia, 135, 137 

escalera de mano, 174, 175 

escalera de peldaños alternos, 134 

escalera en jardines, 444 

escalera giratoria, 295 Р 

escalera mecánica, 132, 135, 138-139, 141, 
271, 416, 424 

escalera para el transporte de camillas, 133 

escalera plegable, 134 

escalera protegida, 179, 258, 267, 520 

escalera samba, 134 

escalera suspendida, 113 

escalonamiento de los asientos, 492 

escalonamiento del subsuelo, 437 

escalonamiento en una sala de dibujo, 210 

escalonamiento Weinberger, 492 

escáner, 269 

escaparate, 109, 266, 268, 272- 274 

escenario, 32, 209, 221-233, 235, 239, 363, 
492, 513 

esclusa; 211, 215, 218, 258, 268, 296, 307, 
312, 325, 433, 520 

esclusa de abastecimiento, 310, 314, 321 

esclusa de aire, 273 

esclusa de carga, 228 

esclusa de desechos, 310 

esctusa de luz, 211 

esclusa de quirófanos, 310 

esclusa de residuos, 313-314 

esclusa de seguridad, 265 

esclusa de suministros, 313 

esclusa para camas, 321 

esclusa para el personal, 310, 314 

esclusa para pacientes, 309-310, 313-314 

escobero, 163 

escoria, 26, 27, 28, 29, 87, 444, 488 

escorrentía, 105, 535 

escuela de salto y doma de caballos, 345, 
347, 350, 354 

escuela, 31, 48, 53, 203-210, 354, 367, 
394-395, 487, 528 

esgrima, 333 

esmoquin, 171 

espacio de maniobras, 169 

espacio de trabajo individualizada, 243 

espacio necesario para comensales y 
servicio, 186 

espacios auxiliares, 175-177 

espacios de circulación, 233 

espaldar, 441-443 

espaldera, 370 

espectadores, 223, 225, 227-231, 234, 
330-331, 355, 363, 368-369, 374, 377 

espectro de frecuencias, 119, 486 

espectro de la irradiación lumínica, 516 

espectro de longitudes de onda, 116 

espectro energético de la radiación 
electromagnética, 497 / 

espectro visible, 503 

espejo, 173, 234, 265, 284 

esponjamiento del suelo, 438 

espuma extruida, 104 

espumógeno, 530 

esqueje, 449 

esqueleto de hormigón armado, 218, 260 

esquí, 355 

estabilidad contra el viento, 509 

estabilidad del edificia, 31 

estabilidad del suelo con vegetación, 438 

estabilidad estructural 107 

establo, 455-456, 459-460, 462, 465-468 

estabulación, 463, 465, 467, 469 

estaca, 444, 449 

estación de autobuses, 418-419 

estación de canotaje, 352 

estación de carga y descarga, 279 

estación de ferrocarril, 423 

estación de meteorología, 349 

estación de servicio, 198, 412-414 


estación transformadora, 57, 216, 229, 377, 
381 

estación transmisora de gas, 377 

estacionamiento, 178, 198, 326, 395, 403, 
410, 423, 432 

estacionamiento de aviones, 428 

estacionamiento de gran superficie, 330 

estaciones del año, 463, 497, 507 

estadios, 330-331, 357 

estancias de la vivienda, 155-178 

estandarización y seguridad del tráfico 
aéreo, 427 

estanque, 300, 450-452, 454 

estanqueidad de los cerramientos, 520 

estanqueidad del edificio, 483 

estante, 272, 280-281 

estantería, 177, 214, 250, 260-264, 281, 324 

estantería para embarcaciones, 351 

estera de desinfección, 215 

estera de protección, 441 

estercolero, 456, 459, 461, 469 

esterilización, 218, 306 

esterilizadores de vapor, 314 

estibadora de horquilla, 31, 279 

estiércol, 438, 459 

estor corredero, 108 

estratificación del suelo, 438 

estrato de suelo, 82 

estribo, 27, 331, 341, 457 

estructura artificial de escalada, 372 

estructura atirantada, 277 

estructura con diagonales de 
arriostramiento, 257 

estructura de acero, 257, 285, 289, 404, 
495 

estructura de alambre, 446 

estructura de celosía, 257 

estructura de cubierta, 98, 103 

estructura de forjados, 92 

estructura de gradas en circos, 239 

estructura de hormigón, 3, 92-96, 104, 361, 
404 

estructura de madera laminada, 277 

estructura del suelo, 438 

estructura espacial, 43, 103, 277 

estructura modular de acero, 289 

estructura neumática, 277 

estructura prefabricada, 289 

estructura sensible a las vibraciones, 255 

estructura tubular, 257 

estructuración del espacio mediante 
árboles, 388 

estudio de reproducción, 229 

estudio geotécnico, 57, 79 

estufa de leña, 384 

etiqueta de eficiencia energética, 485 

europalé, 281, 422 

evacuación de aguas, 445, 531-532, 535 

evaluación de impacto ambiental, 68, 427 

evaluación de impacto territorial, 68, 427 

excavaciones, 63, 78-82, 434, 447 

exigencias técnicas, 233 

expendedor, 283 

exploración y tratamiento médico, 303 

explotación agrícola, 455 

explotación agropecuaria, 456 

exposiciones, 63, 220 

expositor, 271-274 

expulsión de gases de escape, 329 

extinción automática, 472, 529-530 

extintor de mano, 215 

extracción de aire, 215, 538, 548 

extracción de calor y humos, 277 

extracción de estiércol, 467 

extracción de excrementos y aguas sucias, 
461 

extracción de humos, 216 

extracción forzada de vapores, 273 

extractor, 528 

exutorio, 528 
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fábrica de colores, 218 

fábrica de ladrillo, 93 

fabricación, 86-87, 116-120, 120, 123, 
275-276, 280, 286-287, 508 

fachada, 66-67, 76, 90-91, 104, 108-109, 
111, 113-114, 116-124, 152, 155-157, 
171, 245-247, 252-258, 507-509 


facility management, 60, 61 

factor de balanceo, 257 

factores de definición del espacio urbano, 
388 

factores de renovación del aire, 538 

faldón de cubierta, 97 

falso techo, 93, 94, 127, 127, 194, 213, 
216-219, 252, 254-255, 307, 328, 488, 
508, 511, 529 

{алдоїегаріа, 316 

fardo de papel, 470 

farmacia hospitalaria, 325 

féretro, 433 

ferrocarril, 420-426, 454 

fertilizadora, 459 

fibrocemento, placas de, 369 

fieltro, 29, 95, 452 

fijación de postes en vallas y pérgolas, 441 

filarmónica, 231, 492 

filtración, 508, 545 

filtraciones de agua, 95 

filtrado, 356, 445 

filtro, 107, 248, 260, 314, 383, 445, 449, 
514, 516, 545 

física de la construcción, 48, 480-496 

fisioterapia, 180, 182, 239, 304-305, 308, 
310,316 

flores, 447 

fluido portador, 541 

flujo de espectadores, 330 

flujo de radiación, 510 

flujo luminoso, 510, 516-517 

fluorescente, 50, 59, 214, 510-519 

fogón, 192, 288 

fonda, 187 

fontanería, 187 

forja artística, 288 

forjado, 27-28, 31-32, 46, 57, 67-68, 75, 83, 
89-96, 99, 104, 106, 115, 138-139, 141, 
254-261, 264, 277-278, 287-288, 328, 
404, 473, 482, 484, 486-488, 490, 
522-524, 526, 539, 543, 546 

formación, 546 

formaciones de la orquesta, 232, 233 

formato base, 6 

formato normalizado, 6 

forraje, 26, 240, 354, 456, 459 

fosa de estiércol líquido, 459 

fosa de letrina, 461 

fosa séptica de varios ciclos, 545 

foso de agua, 337 

foso de la orquesta, 222 . 

foso en 200, 242 

foyer, 227-230, 233 

franja de la radiación electromagnética 
percibida por el ojo, 497  * 

franja de luminarias, 248 

frecuencia límite, 486-487 

frecuencia, 235, 257 

fregadero, 163 

freidora, 190, 192 

fresadora, 286, 287 

frigorífico, 192, 272 

frontón, 44 

frutería, 273 

fuente de energía, 58, 475, 477, 485, 541 

fuente lurninosa, 511 . 

fuente sonora, 486, 489 

funda nórdica, 171 

furgoneta, 391, 401 

fútbol, 330-334, 362 

futboleivol, 334 

futboltenis de playa, 334 


gabardina, 171 

galería, 31-32, 67, 108, 167, 187, 210, 226, 
267 

gálibo, 420-422 

gallina, 456, 459, 461, 464, 459 

gallinero, 461, 464 

ganadería, 455-469 

ganancia solar, 111 

gangways, véase escaleras para pasajeros 

ganso, 461 

garaje, 31, 178, 183, 229, 250, 339, 396, 
401-407, 457 

gas, 20, 312, 469, 477, 541, 546 

gasificación, 477 


gasificador, 328 

gasoil, 287, 413 

gasóleo de calefacción, 477, 541 

gasolina, 413 

gasolineras, 31, 198, 411- 412 

gastronomía, 186-195 

gaveta, 281 

generación de biogás, 477 

generador de calor, 541 

generador eléctrico diesel, 474 

geotermia, 350 

geriatría, 308 

gertátrico, 181 

gestión de aguas pluviales optimizada, 445 

gestión de residuos, 182, 195, 323 

gimnasio, 31-32, 183, 185, 316, 370-372 

gimnasio de mantenimiento, 370-371 

ginecología, 302, 306 

golf, 342-344 

góndola suspendida, 113 

grada, 210, 224, 330-331, 353, 366-367, 
374 

grado de compactación, 438 

grado de transmisión luminosa, 122 

gran almacén, 127, 138, 190, 266, 268-269 

gran sala de oficinas, 254 

grandes cocinas, 187-189, 195 

grandes plantas fotovoltaicas, 476 

granito, 27 ` 

granja, 455-460, 464-466 

grava, 27, 29, 30, 84, 104, 358, 444, 454, 
523 

gravilla, 437, 441 

green, 343 

gres, 86 

grifo, 57, 165 

grúa, 31, 113, 277-281, 346, 348-349 

grupo de cocción y asado, 190 

grupo de elevación a presión, 445 

grupo electrógeno de emergencia, 296, 
314, 327, 329, 471-472, 474 

grupo frigorífico, 194 

grupo instrumental, 233 

guante, 171 

guardarropa, 190, 206-207, 284, 363 

guardería, 200 


H 


habitación accesible en silla de ruedas, 184 

habitación de cuidados intensivos, 321 

habitación de enfermos, 305 

habitación de hospitalización, 32, 317-318, 
321 

habitación de hotel, 32 

halógena, 510-514 

halogenuros metálicos, 510-511 

halterofilia, 368 

hands-off (contacte protegido), zoo, 241 

hands-on (contacto directo), zoo, 241 

hangar aeropuerto, 428 

hastial, 97 

helada, 79, 451 

helicóptero, 31, 296 

helipuerto, 31, 304-305, 349, 428 

heno, 458, 462 

herramientas, 129-130, 174-175, 197, 286, 
289, 292, 295, 344, 350, 419, 433 

hexágono, 42 

hidrante exterior, 527 

hidrostática, 83-84 

hielo, 356-357, 444, 475 

hielo artificial, 356 

hierba, 26, 445, 462 

hierro, 26, 27, 338 

high cube, 422 

hilada 86, 88, 440 

hípica, 353, 354 

hipótesis de carga, 26, 255, 259, 277 

hockey, 356-358 

hockey sobre patines, 356-358 

hogar, 32, 546-547 

hombre como unidad de medida, 38-45, 47 

horizontescopio, 502 

hormigón armado borítica, 315 

hormigón armado, 27-28, 31, 81, 83, 
103-104, 265, 331 

hormigón celular, 176 

hormigón gaseoso, 27, 28 

hormigón hidrófugo, 80, 83, 84 


hormigón in situ, 522 

hormigón ligero, 27-29, 176, 331 

hormigón microondas, 16, 192 

hormigón pretensado, 257 

homo, 11, 13, 16, 18, 20, 26, 29, 35, 75, 
161, 163, 190, 192-194, 270, 273, 275, 
290, 433 

horno de pan, 190 

horno de vapor, 193-194 

homo empotrado, 163 

homo especial para incineración, 433 

horquilla móvil, 280, 281 

hospedaje, 179-199, 210 

hospedaje, gastronomía, 186-195 

hospedaje, moteles, 198 

hospital, 32, 48, 140, 193-194, 303-305, 
307-311, 314-324, 329 

hospitalización general, 318 

hostelería, 183-185 

hotel, 32, 183-185, 191, 196, 293, 472 

hotelling-offica, 246, 251 

На, high quantity, 422 

hub and spoke, 427 

huella de escalera, 132-133, 135-136, 180, 
307 

huerto, 161, 442 

humectación, 539 

humedad ambiental, 173, 538 

humedad ascendente por capilaridad, 105 

humedad de іа construcción, 93 

humedad del aire, 49, 460, 539 

humedad dei suelo, 83 

humedad en la cubierta, 104 

humedad en museos, 219 

humedad permanente en parques infantiles, 
202 

humedad relativa, 4, 49, 260, 382, 384, 460, 
463, 481, 537 

humidificación, 438 

humidificador de aire, 450 

humus, 105-106, 447 


ICAO, véase International Civil Aviation 
Organisation 

iglesia cristiana, 30-32, 231, 297-299 

iluminación artificial, 175, 203, 213, 220, 
251, 256, 317, 339, 372, 465, 505, 
510-519 

iluminación cenital, 115, 286, 506-508 

iluminación de colores, 53 

iluminación de emergencia y seguridad, 
234, 474 

iluminación difusa, 115-116, 118, 503-506 

iluminación directa, 118, 508, 512, 514, 517 

iluminación indirecta, 514, 516 

iluminación lateral, 278, 504-507, 516 

iluminación natural, 109, 153, 156-157, 160, 
172, 177, 185, 204, 220, 253, 259, 277, 
302, 314, 316-317, 465, 497-509, 511 

iluminación nominal mínima, 292 

iluminación reflejada, 504 

йитіпапсіа, 248, 510-519 

imagen corporativa, 243, 250 

impacto medioambiental, 70, 541 

impacto territorial, 68, 427 

impermeabilización, 3, 10-11, 30, 57, 78-79, 
81-85, 93, 95, 102-104, 201, 376, 382, 
454, 459, 482 

impermeabilizante, 29, 83, 383 

impresora automática de extractos 
bancarios, 265 

imprimación, 27, 30, 383 

impulsión de aire para suelo técnico, 540 

impulsión y extracción de aire, 192, 
328-329, 539-540 

incandescencia, 214, 497, 510, 514 

incidencia de luz natural, 260, 501, 504-505 

incidencia del sol, 501 

incubadora de empresas, 246 

indice de aislamiento acústico, 123 

índice de mejora, 488 ! 

índice de ocupación, 1, 68 

índice de reproducción del color, 116 

índice de resistencia a la difusión, 4 

industria, 183, 275-284, 510-511 

industria electrotécnica, 510-511 

inercia térmica, 475 

infiltración, 289, 445, 545 


infiltración en el subsuelo de aguas 
freáticas, 535 

ingeniería naturalística, 448-449 

instalaciones, 196, 229, 290, 295, 319, 364, 
494-495 

instalaciones de ventilación, 472 

instalaciones deportivas, 37, 210, 330-361 

instalaciones técnicas, 58, 75, 243, 245, 
248, 279, 303, 305, 328, 381, 445 

instalaciones térmicas, 477, 541-544 

instalaciones transportadoras, 275 

instituto polivalente de investigación, 218 

instrumental de operaciones, 314 

instrumento musical, 233 

intensidad acústica, 235, 398, 486-487, 
489, 492 

intensidad de campo eléctrico, 50 

intensidad de luminancia, 510 

intensidad de radiación, 503, 510 

intensidad de tráfico, 398 

intensidad lumínica, 497, 504-506, 510, 513 

intensidad pluviométrica, $35 

intercambiador térmico, 478 

intercambiador tierra-aire, 538 

intercambio de aire, 102, 260, 450 

intereje entre ventanas, 249, 252 

interferencias, 124 

interfono, 34, 36 

intermodalidad, 428 

International Civil Aviation Organisation 
(ICAO), 427, 432 

inundaciones, 329, 515, 535 

invernadero, 168, 450, 509 

invidente, 33, 36, 259 

lones, 50, 120 

irradiación lumínica artificial, 514-516 

irradiación solar, 167, 476, 497-510 

Islam, 301 

itinerario de evacuación, 528-529 


J 


jardín de infancia, 200 

jardín, 151, 153, 167, 175, 178, 190, 200, 
436, 451, 454, 545 

jaula, 462, 464 

jaula de faraday, 494 

jinete, 353-354 

juego, 357, 366-368 

junta de cimentación, 85 

junta de dilatación, 81,122, 382 

junta de movimiento, 95 

junta de separación, 488 

junta elástica, 91, 93, 488-489 


K 


kayaks, 351 
knauth, 43 


r 


laboratorio, 203, 210-218, 240, 291, 302, 
304, 308, 312, 519, 528 

laboratorio de análisis clínicos, 308, 312 

laboratorio de fotografia, 216 

laboratorio de idiomas, 203 

laboratorio de investigación, 215-216 

laboratorio de isótopos, 215-218 

laboratorio de prácticas, 215-216 

laboratorio químico y biológico, 215-216 

lacado, 287 / 

ladrillo, 27, 28, 29, 46, 59, 91, 176, 440, 
488, 543 

lago, 478 

lajas de pizarra, 100 

lamas móviles, 509 

lámina bituminosa, 30, 84, 102, 104 

lámina de agua de desagúe al aire libre, 445 

lámina de impermeabilización, 62, 102, 104, 
382 

laminados, 27, 83, 91, 116-117, 120, 262, 
346, 488, 508 

lámpara, 16, 50, 131, 297, 311, 510-519 

lana de roca, 92, 95, 102, 123 

lana mineral, 29 

lancha, 345 

lanzadera, 349 

lanzamiento de disco, 338, 356-357, 367 

lanzamiento de herradura, 333 

fanzamiento de jabalina, 335-336, 338 

lanzamiento de martillo, 338, 357 
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lanzamiento de pelota con honda, 332 
lanzamiento de peso, 335-336, 338 
lápida, 434 
lavadero, 173, 375 
lavado de vehículos, 412, 414 
lavadora, 173, 294 
lavamanos con equipo de desinfección, 215 
lavandería, 187, 196, 293 
lavaplatos, 161, 190, 192, 326 
lavavajillas, 161, 163 
lechería, 456 
lecho de balasto, 420 
lecho de grava, 358 
lector-reproductor de microfilms, 261 
lectura de microfichas, 261 
lectura, puesto de, 259, 324 
LED, 511 
lesiones constructivas, 85 
libro de órdenes y asistencias, 74 
licencia de obra, 8, 56-57, 62, 64, 68-69, 
71,74, 78, 123 
lijadora, 286 
límite de ruido de maquinaria en multicines, 
236 
límite psicológico de alcance con la mano, 
276 
impieza del exterior de edificios, 113 
línea de huella, 366 
línea de tiro, 356 
їпеа eléctrica, 17, 417 
líneas isofónicas, 398 
líneas visuales, 224, 226 
líquidos inflamables, 412 
listón, 90, 426, 467 
itera, 170, 196 
llaga en hiladas, 88 
llamada de emergencia, 131, 329 
llamada de emergencia, alerta y detección, 
296 
local comercial, 32, 133, 267 
local de aseo, 283 
local de espectáculos y reunión, 183, 297 
local gastronómico, 267 
logatomo, 491 
longitud de onda, 4, 50, 116, 489, 497, 503 
losa, 67, 73, 80-84, 91-92, 95,-103-104, 
214, 255, 257, 372, 382, 440, 444, 454, 
459, 524 
losa de hormigón, 67, 92 
loseta, 87, 104, 452 
lucernario, 108, 109, 110, 114-115, 121, 
276, 277-278, 288, 318, 372, 505-506 
lucha grecorromana, 368 
lumen, 4 
luminaria 59, 227, 248, 254, 313-314, 329, 
369, 470, 510-517, 524, 539 
lux, 4, 175, 292, 328, 368, 497, 503, 504, 
513 
luz natural, 109, 153, 156-187, 160, 172, 
177, 218, 220, 244-245, 259, 277, 302, 
314- 317, 498-509, 516, 518 
luz visible, 497 


M 


madera, 286-287 

madera contrachapada, 369 

madera petrificada, 286 

magnesio, 447 

malecón, 348 

maletero, 184 

malla contra insectos, 102 

malla de alambre, 439 

malla espacial, 257, 277 

mampostería, 86, 440 

manguera de riego, 450 

manómetros, 527 

manta de filtro de polvo, 460 

mantenimiento, 2, 107, 138, 190, 214, 240, 
250, 260, 362, 364, 370-371, 373, 423, 
428, 462, 467, 474 

mantenimiento de aviones, 428 

mantenimiento de ta humedad, 107 

mantenimiento de los animales, 240 

mantenimiento dei edificio, 74, 113, 423 

manzana de viviendas, 149-150, 183 

manzana urbana, 266 

máquina combinada de planear y cepillar, 
287 

máquina de amasar, 290 
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máquina de cambio de monedas, 387 

máquina de cepillar, 286 

máquina de coser, 292 

máquina de planear, 286 

máquina limpia zapatos, 284 

máquina recreativa, 387 

máquina toral, 287 

máquina tragaperras, 387 

marquesina, 199, 277, 331, 396, 415, 425, 
509 

masa molecular, 4 

máscara panorámica, 502 

masilla de impermeabilización, 93 

matadero, 292 

material estéril, 310, 313, 321 

matemidad, 305, 308, 315, 320 

mecanismo de cierre, 129 

medianera, 89, 150, 185 

mediateca, 203, 205, 264 

medicina, 248, 306, 308, 311-312, 321-322 

medicina intensiva, 313 

medicina intema, 318 

medición, 69-70, 73-74, 79 

medición de ruido, 48 

medida, 38, 39, 43, 444 

medidas de obra en bruto, 46 E 

medidas del cuerpo y espacio necesario, 
38-45, 47, 200 

medidas directrices de obra, 46 

medidas estándar, 126 

medidas nominales, 46, 121, 122 

medidas para bastidores, 120 

medidas para usuarios de silla de ruedas, 
33, 37 

medidas urbanísticas y de planificación, 
389 

medidas y pesos, 23-32 

medio ambiente, 48, 50, 58, 70, 94, 244, 
328, 350, 427, 460, 478 

medios audiovisuales, 259, 261, 263 

medios auxiliares de trabajo, 248 

medios de seguridad mecánicos, 130 

medios de transporte, 330, 416, 422, 424, 
429 

mejora del terreno, 438 

membrana de plástico, 119 

membrana impermeabilizanta, 104 

mercado de tráfico aéreo, 427 

mesa, 41, 166, 188, 192, 196, 211-217, 
236, 243, 248, 290, 292, 302, 311-314, 
369, 387 

mesa-balanza, 218 

metalistería, 288 

meteorología, 349 

método Wigwam, 442 

metro, 415 

mezquita, 301 

microclima natural, 176 - 

microclima urbano, 256 

microficha, 261, 263 

microfilm, 249, 263, 324 

microondas, 163, 192 

microorganismo, 447 

mihrab, 301 

minarete, 301 

minbar, 301 

minibares, 184 

minicocinas, 250 

minidepuradoras, 545 

minigolf, 341-342 

minitenis, 333 

mizrají, 300 

modelado del paisaje, 445 

modificación de edificios existentes, 62-67 

modulación en la edificación, 47, 252, 255 

módulo de deformación, 438 

módulo de retícula estructural, 252 

módulo dimensional, 304 

módulo fotovoltaico, 476 

Modulor, 39, 45 

Moessel, 39, 44 

monitor plano, 244 

montacamas, 143 

montacargas, 142, 144, 146, 249, 262, 470 

montante con sprinklers, 529 

moqueta, 93-94 

morfología de cubiertas, 97, 99, 103-104 

mortero, 10, 27-30, 65, 85-87, 91, 94, 228 

morueco, 463 
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mostrador, 182, 259-260, 262-264, 269, 
272-273, 519 

motel, 183, 198 

motor de combustión intema, 479 

movimiento de tierras, 437, 438 

movimiento del aire, 460 

mueble, 70, 135, 161-163, 165, 184, 194, 
213, 249, 286, 313, 

muelle, 15, 128, 490, 526 

muelle de carga y descarga, 276, 286, 
346-348, 351, 354, 422, 431, 470-474 

muelle en tierra de puerto deportivos, 
346-347 

multicines, 236-237 

murete, 167, 439 

muro ciego, 405 

muro cortafuegos, 226, 234, 257, 267, 307, 
398, 440, 442, 520, 522, 526, 528, 548 

muro cortina, 90, 111, 124, 258 

muro de contención, 82, 420, 439-440, 
448-499 

muro de protección acústica, 398 

muro móvil, 127 

muro, 67, 83, 87, 89-90, 111, 118, 398, 440, 
448-449, 523 

museo de arte, 219 

museo de ciencias, 219 

museo de etnología, 219 

museo de historia y сиќџга, 219 

museo, 32, 219-220 

música de cámara, 231, 233, 492 

musicoterapia, 323 

N 


nanómetro, 497 

nave, 101, 103, 277, 281, 340, 422 

necrópolis, 435 

neonatología, 308, 320 

nichos para armarios empotrados, 255 

nichos para dormir, 462 

nido, 464 

nivel de intensidad acústica, 486 

nivel de presión sonora, 492 

nivel de ruido, 112, 386, 398, 427, 474 

nivel freático, 57, 79-80, 82-83, 85, 105, 
438, 449 

nivelación, 11, 30, 85, 92, 96, 356, 454, 482, 


normas de competición deportiva, 338 


normas de protección contra incendios, 527 


normas DIN, 2-5 

normas, 2-7 

normativa contra incendios, 275 
normativa de riesgos laborales, 275 
núcleo central de servicio, 157 


orza levadiza, 345 
otorrinolaringología, 311 
oveja, 463 

oxígeno, 328 

P 


pabellón, 31-32, 97, 115, 178, 200, 203, 
239, 334, 357, 360, 362-374, 377, 381, 
383, 513 

pabellón polideportivo, 31, 360, 362-372, 
513 

paca, 455 

paisaje, 10, 56, 64, 105, 201, 330, 427, 436, 
448 


` paisajismo, 436-454 


paja, 455, 469 

palacio de deportes, 340 

palco, 221-223, 231, 235, 391 

palé, 281, 422 

palmeta de Verrier, 441 

paloma, 461 

palomar, 461 

palos de golf, 342-343 

panadería, 268, 273, 290 

panel de control, 236 

panel de hormigón, 92 

panel de instalaciones, 216 

panel de madera, 372 

panel fotovoltaico, 476 

panel sándwich, 482 

panel, 90, 92, 95, 124, 148, 233, 372, 448, 
476, 482, 488, 493, 539, 542 

pantalán, 347 

pantalla, 22, 79-80, 92, 203, 219, 234-238, 
243-250, 252-255, 265, 387, 403, 476, 


` 489, 510, 516 


pantalla acústica, 211, 489 

pantalla antideslumbrante, 248 

pantalla de proyección, 210, 213, 235, 238 
pantalla permeable al sonido, 234 
pantalla solar, 124 

pantalla visual, 403 

pantógrafo ferroviario, 420 

pañuelo, 171 

papel, 57, 191, 426, 499 

papelería, 518 

parabalas, 360, 361 

parada de autobús, 418 

paraguas, 41, 159 

paragúero, 159 

parámetros urbanísticos, 68-76, 149, 183 
pararrayos, 494- 496 

parasol, 278 

pared búlder, 372 

pared de absorción acústica, 235 

pared toprope o piñata, 372 


núcleo de comunicación, 217, 253, 255-256 park and ride, 418 


nudos viarios, 393 
о 


obra de fábrica, 27, 67, 81, 83, 89, 176, 
383, 440, 479, 548 

octágono, 43 

office, 162, 191 

oficinas, 32, 190, 243-246, 248, 251-254, | 
257 

ofimática, 244 

oftalmología, 303, 311 

ojo de la escalera, 134 

ojo, 51-53, 510 

ómnibus, 415 

ondas sonoras, 398 

ópera, 222-223, 227, 229 

órbita solar, 498, 501 

ordenador, 244-245, 251 

organización de viviendas, 153 

organización espacial, 258, 280 

organización urbanística, 253 

órgano (música), 231-233, 300, 491 

orientación de las habitaciones, 147 

orientación del edificio, 253 

orientación óptima de edificios, 501 

orientación respecto al sol, 54, 150-152, 
155-156, 166-167, 179, 183, 185, 202, 
204, 219, 305, 325, 443, 448, 450, 
460-461, 475-476, 483, 499, 501-502, 
505, 508-509, 511, 515 

orquesta, 221-222, 224-233, 299, 492 


parque acuático, 374-383 

parque de bomberos, 295-296 

parque infantil, 68, 198, 202, 379 

parque y zona verdes, 389 

parqué, 95, 373 

particiones ligeras, 255, 282 

pasador de acero, 441 

pasaje, 295, 468 

pasaje comercial, 266 

pasamanos, 31, 132, 134-135, 180, 307 

pasaplatos, 161, 162, 189 

pasarela, 113, 285, 431 

pasillo, 150, 156, 160, 191, 207, 232, 249, 
251, 256-267, 298, 307 

pasillo de instalaciones, 218 

pasillo para camillas, 307 

pasillo protegido, 267 


patinejo, 75, 172, 254, 264, 283, 304, 328, 
470, 538, 540, 548 

patinejo de instalaciones, 321, 540 

patinejo de ventilación, 254, 537, 548 

patinejo para extracción de humos, 258 

patines, 358, 363 

patio de butacas, 222-227, 229-230 

patio de servicio, 305, 312, 325-328, 412 


pato, 461 

patrimonio histórico, 63-64 

pavés, 28-29, 116, 122-124, 131 

pavimentación, 444 

pavimento, 29, 94-96, 167, 228, 255, 288, 
292, 357, 364, 412, 444, 488 

pediluvio desinfectante, 375, 379 

peldaño, 12, 31, 34-35, 37, 47, 52, 132-138, 
140, 148, 180, 201, 236, 301, 307, 331, 
377,385, 416, 424, 444 

película, 234-235, 261 

pellets, 477 

pentágono, 42, 44, 47 

pequeños conciertos, 233 

percepción, 49, 51-53, 223-224, 231, 245, 
388, 491 

percha, 171, 284 

perchas de gallinero, 464 

perchas de pesebres, 463 

perchero, 159, 284 

pérdida de calor, 111, 383, 482 

pérdida térmica, 277, 480, 483, 538-539, 
548 

perfil autoportante de vidrio (U-Glas), 121 

perfiladora, 288 

perfilería, 2-3, 252 

perforación de descarga, 382 

perforadora, 288 

pérgola, 106, 202, 394, 403, 436, 441-443 

permeabilidad a la luz, 116, 122 

permeabilidad del terreno, 438 

persiana, 108-109, 509 

personas con discapacidad, 141, 146 

perspectiva, 8, 52, 149, 162 

perspectiva escenográfica, 221 

pescadería, 273 

pesebre, 462-463, 467 

peso propio, 26-28, 89, 255, 315 

picadero, 353, 354 

picking, 280, 285 

pie derecho, 90, 98 

piedra artificial 11, 86-91, 96, 135, 216 

piedra caliza, 27, 59, 86, 96, 176, 259-260, 
275, 296, 312, 315, 395, 522 

piedra natural, 27, 29, 90, 91, 176, 440 

pienso, 455, 457, 463, 469 

piezas de la vivienda, 158-178 

pijama, 171 

pila bautismal, 297 

pila calientapiés, 384 

pila de combustión, véase célula de 
combustión 

pila de inmersión, 384 

pilar, 252, 255 

pileta, 165, 292, 383 

pilotajes, 82 

pilote, 81-82 

ping-pong, 202, 363, 369 

pintura, 27, 65, 287, 349, 523 

pirámide, 39, 446 

pirámide de protección acústica, 398 

piscina, 183, 185, 316, 335, 351, 358, 
374-386, 451-453, 519 

piscina cubierta, 374-378, 380-382, 385, 386 

piscina polivalente, 377 

pista de carreras, 330, 335-338 

pista de de patinaje, 338, 356-357 

pista de deporte, 357 

pista de despegue y aterrizaje de aviones, 
428-429 

pista de hielo artificial, 356 

pista de impulsión, 335, 337, 355 

pista de regatas y de entrenamiento para 
remo y piragúismo, 352 

pista de squash, 369 

pista de tomeos, 354 

pista para lanzamiento de disco, 356 

pista para trineos, 356 

pitchingreen, 343, 344 

pizarras, 26, 30 

placa de asbesto, 404 

placa de cartón yeso, 29, 95 

placa de césped, 447 

placa de ducha, 93 

placa de fibras de yeso, 95 

placa de fibrocemento, 369 

placa de hormigón expandido, 92 

placa de hormigón gaseosa, 29 

placa de yeso laminar, 3, 102, 480 


placa mural, 28-29 

placa solar, 100 

placa turca, 301 

plan de evacuación, 229 

plan de paisajismo del tráfico aéreo, 427 

plan de seguridad, 350 

plancha de acero, 101 

plancha de aluminio, 101 

plancha de cobre, 101 

plancha de espuma rígida, 107 

plancha eléctrica, 175, 293 

plancha sintética, 107 

planchadora, 294 

planchas HWL, 93 

planos, 7-8, 14, 57, 71, 502 

planta, 106, 155, 156, 448, 453 

planta acuática, 453 

planta de cogeneración, 477-479 

planta de microcogeneración, 479 

planta depuradora, 545 

planta leñosa, 446-447 

planta tapizante, 446-447 

planta trepadora, 403, 441-443 

planta zonificada, 157 

plantación, 438, 442, 446-447, 451, 455 

plantel, 442, 449-452 

plaqueta silicocalcárea, 87 

plataforma, 31, 113, 201, 232, 234, 239, 
260, 279-281, 289, 327, 333, 343-344, 
354, 362, 367-368, 371, 373-374, 
378-379, 382, 403, 407-408, 416, 
428-432, 452, 457, 470-471, 512 

plataforma de aeropuerto, 428 

plataforma de aparcamiento móvil, 407 

plataforma de bolos, 373 

plataforma de camión, 471 

plataforma de carga, 470-471 

plataforma de salto, 378 

plataforma elevable de carga y descarga, 
470 

plataforma elevable sistema Gardemann, 
113 ý 

plataforma elevadora, 327 

plataforma levadiza de tijera hidráulica, 471 

plataforma levadiza superpuesta, 239 

plataforma monomástit, 289 

plataforma motorizada, 232 

plataforma móvil, 407 

platea, 224, 232, 492 

plaza de amarre, 347, 467 

plaza de aparcamiento para personas con 
discapacidad, 324, 403 i 

plaza de aparcamiento, 295, 399, 402-404, 
408, 412 

plaza de cambio de sentido autobuses, 418 

plaza de estacionamiento de remolques, 
351 

plaza de estacionamiento para autobuses _ 
privados, 330 

plaza de estacionamiento para turismos, 
330, 339 А 

plaza de lavado de vehículos, 414 

plaza para camiones en muelle de carga, 
470 

plaza para espectadores, 353, 356, 359 

plazoleta de cambio de sentido, 401 

plazos de ejecución, 95 

plexiglás, 30 

plomada, 378 

podio de la orquesta, 232 

podio de mezcla de sonido, 226 

podio giratorio, 226, 230 

podio inclinable, 226 

polígono industrial, 389 

polígono, 42, 47 

polvos de extinción, 530 

ponederos, 464 

ponis, 468 

pontón, 80, 348 

pontón de hormigón, 346 

porcentaje de transmisión lumínica, 117 

porche, 32, 55, 394 

portacamillas, 307 

portería, 332, 366 

portería de balonmano, 364 

porteria de fútbol, 333 

portero automático, 129 

pórtico 255, 257, 277-278, 346-347, 354, 
414, 450 


portón de apertura automática, 289 

posibilidad de asoleo, 156 

posición de trabajo correcta, 248 

poste, 332, 339, 368, 441, 448 

poste con altavoces y calefacción eléctrica, 
238 

poste de amarre, 346 

potencia acústica, 486 

potencia de refrigeración, 328 

potro, 364, 468 

pozo, 57, 84, 145, 532, 535 

pozo colector, 545 

pozo de aguas freáticas como fuente de 
calor, 478 

pozo de barrido y control, 84 

pozo de registro, 445 

pozo decantación, 452 

prado, 447 

precipitaciones, 83, 445, 536 

prellball, 332 

presbiterio, 297 

presión de ruido de impacto normalizado, 
486 

presión de seguridad, 314 

presión de vapor de agua, 481 

presupuesto de ejecución, 74, 77 

presupuesto estimativo, 57, 77 

pretensado del vidrio, 116 

prevención de incendios, 295, 520 

principio de ascensión térmica de los gases 
de combustión, 528 


«principio shop-in-shop, 266 


prisma, 253, 514 

procesamiento de datos/ordenadores, 250 

proceso de diseño, 54-76 

proceso electroquímico, 479 

producción alimentaria industrial, 193, 194 

producción combinada de calor 
aprovechable y energía mecánica, 479 

producción de biomasa, 475 

producción de cerdos, 456 

producción de energía solar, 148 

producción y etiquetado de productos 
ecológico, 464, 466 

productividad en el trabajo, 243 

productos agrícolas, 455 

productos de limpieza y desinfección, 307 

productos de limpieza, 173, 174, 193 

productos químicos de ellminación de 
algas, 383 

productos secos, 326 

profundidad del escenario, 227 

programas firewall, 329 

propagación de ruido, 328 

propagación de vibraciones, 328 

propagación del sonido a través de cuerpos 
sólidos, 490 

propagación del sonido por еі aire, 486 

propiedades luminotécnicas de los 
materiales, 116 

proporción de vapor de agua en el aire, 382 

proporción del cuerpo humano, 38, 39 

proporción del escenario, 226 

proporción geométrica, 38-47 

proscenio, 221-224, 229 

protección acústica, 67, 95, 111-112, 119, 
127, 158, 318, 390, 398, 479 

protección con ultrasonidos, 131 

protección contra el ruido, 94, 197, 328, 
427, 486 

protección contra el viento, 111 

protección contra incendios, 67-68, 94, 
123, 146, 257-260, 319, 404, 406, 472, 
520, 529 

protección contra la humedad de vallas y 
pérgolas, 441 

protección contra la humedad del terreno, 
441 

protección contra la humedad, 95 

protección contra la radiación, 309 

protección contra las heladas, 357 

protección contra rayos, 494, 496 

protección contra sobretensión, 496 

protección de aguas, 427 


` protección de la madera, 91 


protección de las plantas frente a las 
heladas, 442 

protección de riberas, 448, 449 

protección del medio ambiente, 275, 427 


protección frente a las heladas, 383 

protección frente a las inclemencias 
climáticas mediante árboles, 394 

protección frente a las radiaciones, 315, 
322 

protección frente al ruido de impacto, 4 

protección frente al sol, 109 

protección frente deslumbramiento, 109, 
507-508 

protección medioambiental, 427 

protección solar, 109, 111, 117, 120, 124, 
450, 507-509 

protección térmica, 67, 109, 111, 483 

protección visual, 108 

protector solar, 507 


"provisiones, 161, 163, 174, 190-191 


proyección de pantalla ancha en multicines, 
236 

proyectar, 54-57 

proyectar sin barreras arquitectónicas, 200 

proyecto básico, 65, 304 

proyecto y dirección facultativa, 68-77 

proyector, 18, 19, 210, 213, 234-236, 324, 
510, 514, 515, 517 

proyector de películas, 236 

proyector direccional, 510 

puente acústico, 487 

puente báscula, 421 

puente de lavado de vehículos, 414 

puente grúa, 31, 275, 279, 458 

puente para paso de tuberías, 215 

puente para viajeros y equipaje, 423 

puentes térmicos, 67, 167, 482, 484 

puerta, 12, 120, 125-131, 142, 158, 159, 
227, 276, 307, 471, 

puerta antipánico, 129 

puerta automática, 127, 268 

puerta balconera, 180 

puerta basculante, 34, 128 

puerta corredera, 120, 125, 127-128, 166, 
171,276, 313 

puerta cortafuegos, 128, 526 

puerta de acordeón, 127 

puerta de comercios, 268 

puerta de emergencia, 129, 276 

puerta de protección contra humos, 307 

puerta de protección contra impactos, 276 

puerta giratoria, 12, 127, 276 

puerta levadiza, 129 

puerta ocultable, 127 

puerta para acceso de camas, 307 

puerta pendular de caucho, 128 

puerta plegable, 120, 127-128 

puerto, 345-350 

puerto de yates, 349 

puerto deportivo para superyates, 350 

puerto deportivo, 346-350 

puerto marítimo, 348 

puerto olímpico de veleros, 349 

puerto seco, 347 

puesta a tierra, 494, 495, 496 

puesto de ajuste de carrocerías, 289 

puesto de amarre, 347, 348, 349, 350 

puesto de amarre en tierra, 347 

puesto de aterrizaje para helicópteros, 296 

puesto de lectura, 259, 324 

puesto de tíabajo, 203-206, 216, 243-252, 
261-262, 283, 288-292, 395, 510, 516 

puesto de trabajo con ordenador, 247-248 

puesto de trabajo en un laboratorio, 216 

puesto de trabajo polivalente, 244 

pulidora, 286-288 

pulidora de cantos, 286 

pulidora de cinta, 286-287 

púlpito, 297 

pulsador manual de alarma eléctrica, 529 

punto de servicio en estaciones de 
ferrocarril, 424 

punto de amarre, 348 

pupitre, 203-204, 213 
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qibla, 301 

quilla, 345 

quirófano, 32, 303-306, 308-311, 313-315 
R 

radiación de cesio, 4 

radiación de onda corta, 497 
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radiación difusa, 503-506 

radiación directa, 109, 116, 476, 508 

radiación global, 503 

radiación horizontal del soi, 501 

radiación infrarroja, 503 

radiación iónica, 312 

radiación solar, 59, 117, 124, 450, 475-476, 
502, 503, 508-509 

radiación térmica, 49, 542 

radiación terrestre, 48 

radiación ultravioleta, 104, 116, 219, 260, 
476, 503 F 

radiador de hierro fundido, 542 

radiador de tubo de acero, 542 

radiador, 12, 165, 264, 483, 541, 542, 543 

radiestesia, 48 

radio de curvatura, 421 

radio de giro, 347, 399, 401, 403, 406, 410, 
412-413, 422, 470 

radio de reverberación, 499 

radio mínimo de giro, 406 

radiografía, 218, 306 

radiología, 303, 305-306, 308-309, 311 

radioterapia, 305, 315, 322 

rail, 415 

гай electrificado, 415, 510, 514, 517 

raíz cuadrada, 43 

ralentización del tráfico, 397 

ramal colector para aguas pluviales, 535 

ramal colectores, 533 

rampa, 34, 37, 135, 139, 206, 238, 404-405, 
419, 422, 470-471 

rampa de un tramo, 405 

rampa escalonada, 135 

rampa helicoidal, 405 

rampa mecánica, 132, 135, 138-139 

rampa móvil de aluminio, 471 

rascacielos, 154, 245, 253, 256-258, 540 

Raster229, 426 

rastrillo, 457 

rayos, 494 

rayos cósmicos, 497 

rayos directos de sol, 115 

rayos gamma, 497 

rayos ultravioleta, 121 

rayos X, 50, 302, 304-305, 308, 311-312, 
497 è 

rebaje, 10, 75, 80, 89 

rebosadero, 377, 383, 445, 535 

rebosadero con sifón, 445 

rebosadero finlandés, 377 

rebosadero protegido de heladas, 383 

recalca, 80 

recepción oficial de obra, 74 

recirculación de agua, 383 

recirculación de aire, 539 

reclinatorio, 298 

recogida residuos, 35 

recogida de residuos por bajantes, 472 

reconversión de edificios de oficinas, 245 

reconversión de superficies selladas, 445 

recorrido de emergencia, 187 

recorrido de evacuación, 32, 68, 127, 151, 
179, 183, 206, 223, 229, 251, 258, 267, 
307, 349, 367, 406, 520 

recorrido en un autoservicio, 271 

rectángulo, 43, 45, 70, 118 

rectánguio pitagórico, 42 

recubrimiento, 94-95, 100-101, 117-118, 
273, 438 

recubrimiento autonivelante, 95 

recubrimiento de armadura, 66 

recuperación de energía térmica, 254 

red de abastecimiento de agua contra 
incendios, 527 

red de abastecimiento, 199, 478 

red de aeropuertos nacionales, 427 

red de caminos, 202 

red de datos, 329 

red de evacuación, 532 

red de evacuación de aguas, 535 

red de telecomunicación, 261 

red de transporte público, 427 

red de transporte terrestre, 428 

red de tubería de aguas pluviales, 445 

red de tuberías fijas presurizadas, 529 

red viaria, 389 

redil, 462-463 

redirección de la luz, 508 
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reflector, 253, 514, 516 

reflector acústico, 233 

reflector halógeno de bajo voltaje, 512 

reflexión acústica, 105, 231, 491 

reflexión de la radiación solar, 508 

reflexión difusa del sonido, 492-493 - 

reflexión exterior de luz, 117 

reflexión múltiple, 231 

refracción, 120 

refrigeración, 57, 59, 193, 217, 328, 475, 
478, 539-540 

refrigerante, 356-357, 478-479, 539 

refuerzos en forjados de madera, 93 

refugio, 436 

regata de vela, 345 

registro de datos, 329 

reglamentación de muros y vallas de 
separación, 439 

reglamentación para las actividades 
deportivas, 372 

reglamento alemán de ahorro energético, 118 

reglamento de cementerios, 433 

reglamento de protección térmica, 117 

reglamento de puertos, 350 

reglamento de viviendas, 70, 74 

reglas, 223, 301, 369, 438 

reglas de combinación, 47 

reglas de proporcionalidad, 44 

reguero, 452 

regulador de la temperatura interior, 450 

rehabilitación, 180, 181, 227, 246 

rehabilitación de cimientos, 85, 94 

reja, 130, 242, 353, 442, 457, 464 

relación entre superficie útil y costes de 
construcción, 257 

relación huella/contrahuella, 307 

remo, 68, 352, 370 

remodetación, 21-23, 32, 37, 57, 66-67, 70, 
74, 83, 100, 123, 141, 358 

remodalación de acceso рага los 
espectadores, 230 

remodelación de construcciones de 
hormigón, 66 

remodelación de edificios, 94 

remodelación de estación terminal, 423 

remodelación de estructuras, 66 

remodelación de instalaciones de teatro, 
230 

remodelación de oficinas, 244 

remolcador suspendidos, 279 

remolque, 177, 199, 395, 401, 457 

remolque para bicicletas, 395 

renders, 502 

rendija de ventilación, 284 

rendimiento de la energía solar, 476 

rendimiento de radiación térmica, 254 

rendimiento específico de conexión, 517 

rendimiento humano, 276 

rendimiento luminoso, 508, 511 

rendimiento mecánico, 276 


` renovación del aire por ventilación, 537 


renovación del aire, 57, 109, 111, 223, 
282-283, 460, 483, 537-539, 548 

renovación del pavimento, 85 

rentabilidad de un edificio, 257 

rentabilidad de una estructura portante, 255 

reóstato, 511 ý 

reparación de estructuras de hormigón, 
92-95 

representación de las conducciones, 218 

reproducción de color, 116, 504, 507, 508, 
510-511, 516, 518 

repuesto, 289 

requisitos acústicos para sala de 
espectadores, 224 

reserva de nutrientes según tipo subsuelo, 
447 

residencia para estudiantes, 179, 210 

residencia para personas de la tercera 
edad, 180-182 

residuos, 473 

residuos especiales, 327 

residuos médicos, 310 

resistencia a cargas del terreno, 346 

resistencia a compresión, 86 

resistencia a la difusión, 4 

resistencia a la difusión de aire, 481 

resistencia a la difusión descarga eléctrica, 
495 
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resistencia a la vibración, 487 

resistencia aerodinámica de presión en el 
interior del edificio, 537 

resistencia al fuego, 121, 123, 133, 473, 
522, 524, 526 

resistencia de suelos, 438 

resistencia del hormigón, categorías, 94 

resistencia del terreno a difusión de 
descarga eléctrica, 495 

resistencia del terreno, 57, 79 

resistencia superficial, 4 

resistencia térmica, 4, 480, 482-483 

resonador, 493 

resonancia, 4, 299, 490 

respiración, 49 

restaurante, 37, 187-192, 

restaurante autoservicio, 188, 190, 192 

restaurante con barra de bar, 190 

restaurante de comida rápida, 186-189, 
191, 195, 411 

restaurante de especialidades, 191 

retardante al fuego, 521 

retén guardia, 296 

retención de aguas pluviales, 535 

retención electromagnética, 307, 526 

retícula básica del revestimiento del suelo, 
426 

retícula constructiva, 218 

retícula estructural, 252, 259, 272, 304 

retirada de residuos, 303 

reutilización de aguas lluvia, 445 

reverberación, 223, 231, 233-235, 489, 
491 


reversibilidad en edificios de planta nueva, 
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revestimiento, 4, 11, 26, 29-30, 91, 104, 
144, 369, 440, 495 

revestimiento antideslizante, 337 

revestimiento blando, 368 

revestimiento con rejilla de PVC, 366 

revestimiento de hormigón, 218 

revestimiento de losetas, 86 

revestimiento de material sintético, 364 

revestimiento de piscinas, 382 

revestimiento de radiador, 542-543 

revestimiento del suelo aislante, 292 

revestimiento del suelo en jardines, 444 

revestimiento del suelo resistente a 
productos químicos, 218 

revestimiento del suelo resistente al agua, 
218 

revestimiento elástico, 488 

revestimiento exterior de losas, 444 

revestimiento exterior de madera, 444 

revestimiento exterior de tierra morterenca, 
444 

revestimiento Heckmann, 90 

revestimiento interior, 102 

revisión y mantenimiento de instalaciones 
técnicas, 328 

revoco, 29, 65, 67, 87, 482 

revoco con vermiculita, 404 

riego de jardín, 445 

“едо gota a gota, 106, 450 

riego natural con agua de lluvia, 106 

riego por aspersión, 106 

riego por inundación, 106 ГА 

riesgo sísmico, 257 

rigola, 454 

ring de boxeo, 368 

ripias, 30, 439 

roblonado, 288 

roca, 79, 447 

rocas fácilmente solubles, 437 

rociador, 229, 520 

rociador automático contra incendios, 225, 
258 

rociador de climatización, 215 

rocódromo, 372 

ropa, 181 

ropa de protección, 215 

ropero, 13,169-171, 284 

rosa de los vientos, 429 

rotonda, 393 . 

rotonda de giro, 418 

rotura de puente acústico, 252 

rotura de puente tármico, 112 

roulotte, 401 

rozas, 22, 75, 89 


rugby, 332 
ruido, 4, 57, 67, 112, 119, 167, 183, 194, 
360, 486-487 
ruido a través de los elementos 
` constructivos, 474 
ruido aéreo, 4, 94, 427, 432, 486 
ruido de forjados, 93 
ruido de impacto, 4, 67, 94, 486-487 
ruido de las vías de circulación, 398 
ruido del tráfico, 397 
ruido transmitido a través de sólidos, 490 
runways, véase pistas de despegue y 
aterrizaje 
RWY, véase pistas de despegue y aterrizaje 
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sábana, 170-171, 196, 294, 316 

sacristía, 297-298 

sagrario, 297 

sala aséptica, 320 

sala central de comunicaciones, 329 

sala central de informática, 329 

sala de actos, 183, 196 

sala de amortajar, 312 

sala de archivo, 250 

sala de audición, 232 

sala de banquetes, 187-188 

sala de basuras central, 250 

sala de calderas, 540 

sala de cine, 235-237 

sala de conciertos, 231-233 

sala de conferencias, 63, 185, 196, 
204-205, 210-211, 219, 231; 250, 259, 
264, 301, 514 

sala de congresos, 32, 183, 185, 196, 231 

sala de descanso, 292, 310-311, 423 

sala de dibujo, 204, 210 

sala de ensayo, 229-231 

sala de espectadores, 223-235 

sala de espera, 32, 188, 302, 323-324, 416, 
423, 428 ` 

sala de estar, 37, 155, 157, 169, 181, 185, 
192, 228, 302, 320 

sala de exposiciones, 32, 220, 513-514 

sala de grupo, 180, 245, 251 

sala de informática, 236, 329 

sala de instalaciones sanitarias, 328 

sala de intervenciones quirúrgicas, 308-311, 
315 

sala de juego de pachinko, 387 

sala de lectura, 32, 259, 260, 262-264, 513 

sala de maquinaria frigorifica, 328 

sala de máquinas, 132, 146, 292, 486, 
539-541 

sala de máquinas de ventilación, 540 

sala de máquinas VAC, 540 

sala de masajes, 386 

sala de multicines, 235 

sala de música de cámara, 492 

sala de oración, 300 

sala de ordenadores, 203, 214 

sala de reuniones, 31, 183, 243 

sala de seminarios, 212, 214, 310 

sala de servidores informáticos, 212, 214 

sala de taquillas, 350 

sala de telecomunicaciones y de 
informática, 329 

sala de venta, 267 

sala grupal, 203, 208-209, 243, 245-246, 
251 

sala juegos para billar, 363 

sala máquinas, 286, 287 

sala multiusos, 157, 203, 231 

sala para gimnasia de aparatos, 364 

sala para las abluciones rituales, 301 

sala para materiales peligrosos, 325 

sala reguladora de la acústica, 233 

salida de aire, 109 

salida de emergencia, 75, 123, 129, 260, 
276, 367 

salida de humo y de calor, 520 

salón de té, 190 

salto, 378, 379 

salto, de altura, 335-337 

salto de caballo, 365 

salto de longitud, 336 

salto de pértiga, 336 

salubridad en locales laborales, 537 

salud integral, 316 


sanatorio, 123, 180-181, 303 

saneamiento, 48, 57, 68, 85, 88, 91, 93 

sanitario, 34, 37 

sastrería, 292 

satélite de baterías, 329 

sauna, 183, 185, 316, 372, 383-386 

sauna al aire libre, 380 

sauna de hotel, 386 

secadero de velas y ropas, 350 

secadora, 173, 294 

sección áurea, 39, 42, 44-45, 224, 231 

sección de la caja escénica, 226 

sección de lancha neumática, 345 

sector de incendio, 267, 328-329, 520, 522, 
525, 527, 540, 548 

sector de lanzamiento, 338 

segadora, 457 

seguridad, 6-19, 21-22, 250, 350 

seguridad de amarres, embarcaderos, 350 

seguridad de red de datos, 329 

seguridad e higiene en el trabajo, 183, 250, 
262, 276, 324, 328, 520 

seguridad en edificios y recintos, 130 

seguridad en el ámbito de uso público, 260 

seguridad en instalaciones de saltos, 378 

seguridad frente a incursiones, 260 

seguridad frente a robos, 260 

seguridad para puesto de trabajo en 
oficinas, 248 

seguridad perimetral, 130, 131 

sellado, 369 

sembrado de césped, 437 

sembradora, 457, 459 

sembradora centrifuga, 457 

sembradora de caja, 457 

seminario, 196, 210, 264 

sensibilidad a heladas, 438 

sensibilidad a ta luz del ojo humano, 116 

señal acústica modulada, 491 

señal de televisión, 329 

separación de vidrio con el público, 241 

separación en dos sistemas de bajantes, 
531 

separación entre edificaciones, 76 

separador de estiércol, 462 

separador de hidrocarburos, 289 

separata, 262 

sepultura, 434, 435 

servicio central de escuelas superiores, 210 

servicio clínico interdisciplinario, 311 

servicio clínico, 308, 309, 311 

servicio de asistencia social y espiritual, 324 

servicio de bomberos, 319 

servicio de seguridad, 349-350 

servicio de transporte y mantenimiento, 327 

servicio de urgencia, 305, 308 

servicio médico, 305, 311 

servicio pedagógico, 240 . 

servicio sanitario, 199, 206 

servidor de comunicación, 329 

seto, 343, 403, 439, 447 

seto como pantalla visual, 403 

sheds, 115 

show cooking, 194 

shuffleboard, 333 

sienita, 27, 86 

sierra, 286, 288 

silenciador de celdillas, 474 

silla de montar, 353, 469 

silla de ruedas, 33-37, 142, 158, 180-181, 
199, 214, 240, 259, 269, 311 

sillar, 440 

sillería, 86 

sillón de tratamiento, 311 

silo, 287, 455, 458, 463 

silo transitable, 456 

simbología, 10, 11 

símbolos, 4, 6, 300, 510 

símbolos abastecimiento de agua, 14, 15 

símbolos instalación de gas, 20 

símbolos instalación eléctrica, 16-18 

simbolos instalación de pararrayos, 494 

símbolos instalaciones de seguridad, 19 

símbolos planificación, 276 | 

simulador de conducción, 387 

sinagoga, 300 

sirena de alarma, 529 

sistema antirrobo de tiendas, 131 

sistema anular de tuberías, 84 


sistema constructivo, 46, 54, 57-58, 68, 
257, 286, 313, 343, 383, 476, 482, 487, 
506, 525 

sistema constructivo de campos de golf, 
343 

sistema Contiport, 194 

sistema d'Humy, 405 

sistema de agua, 531-532 

sistema de aire-agua, 539 

sistema de cierre, 125-126, 129-131 

sistema de comunicación luminoso, 329 

sistema de comunicación ofimático, 244 

sistema de conductos, 254, 531, 536 

sistema de contenedores controlado por 
ordenador, 227 

sistema de control de accesos, 130-131 

sistema de extinción, 258, 530 

sistema de medidas anglosajón, 23 

sistema de medidas internacional, 23 

sistema de orientación de luz natural, 508 

sistema de preacción son sistema de 
tubería seca, 529 

sistema de transporte automático, 327 

sistema de transporte, 262, 279, 324, 

sistema de tuberías, 312, 356-357, 529 

sistema de vigilancia, 130-131 

sistema eficiente energéticamente, 254 

sistema electrónico 131, 235, 250, 260 

sistema espacial, 251 

sistema estructural, 98, 251, 255, 257, 404 

sistema Gardemann, 113 

sistema métrico, 24 

sistema modular, 47, 96, 140, 163, 232, 
281,319, 372, 424 

sistema de coordenadas 22, 47, 

sistema transportador, 280, 428, 430 

sistema Weber, 449 

skateboard, 358 

skimmer, 382, 383 

sky lobby, 257 

snack-bar, 188, 190 

sobrecarga 23-32, 79, 84, 106, 260, 262, 
278 404, 490, 535-536 

sofá, 184 

sofá-cama, 170, 196 

softball, 333 

softon, 510 

sol artificial, 502 

solario, 374, 379-380, 385 

soldadura autógena, 288 

solera, 57, 72, 81, 93, 95, 295, 364, 438, 
444, 464, 496, 531 

solidificación del suelo, 438 

solsticio, 497, 499-501, 509 

sombra, 18, 150, 220, 278, 476, 500, 502, 
504, 507 

sombra arrojada, 502 

sombra de есо, 115 

sombra de radiación, 525 

sombra del horizonte, 502 

sombreado, 109, 168, 242, 497-509 

sombrero, 159, 171, 298 

sonda, 477-478 

sondeo, 79, 82 

sonido, 141, 211, 213, 226, 231, 233-235, 
238, 260, 299, 486-493, 548 

sonido aéreo, 486-490 

sonido transmitido por cuerpos sólidos, 486 

sonoridad, 486 

soporte antivibratorio, 489 

soporte de discos, 370-371 

soporte elástico, 474, 490 

soporte para bicicletas, 395-396 

soporte para encolar, 286 

sostenibilidad, 58-61, 149, 350 

soterramiento, 423, 439 

Spa, véase centros de salud integral 

sprinkler, 267, 327, 473, 529 

squash, 369 

subsuelo, 57, 82, 105, 254, 357, 437-438, 
444-445, 447, 535 

sucursal bancaria, 265 

suelo, 79, 81-85, 431-439, 451, 495 

suelo de cimentación, 81 

suelo de listones, 462 

suelo de reja metálica, 465 

suelo flotante, 216, 217, 490 

suelo móvil de tarimas levadizas, 224 

suelo radiante, 95, 478, 543-544 


suelo sensible al agua, 438 

suelo técnico, 250, 252, 254-255, 324, 540 

suites, 184-185 

sulfato de cobre, 383 

sumidero, 14, 72, 104, 107, 215, 289-290, 
328, 379, 382-383, 445, 454, 458, 472, 
531-536 

suministro de agua, 57, 490, 527 

suministro de energía, 215, 275, 478 

suministro de gas para vehículos, 412 

suministro de gas, 20, 57, 412 

suministro eléctrico, 50, 57, 254, 314, 329 

suministro eléctrico altemativo, 329 

suministro energético de emergencia, 313 

superficie de absorción acústica, 489, 
492-493 ` 

superficie de almacenamiento, 26, 31, 53, 
168, 171, 243, 247, 249, 327, 349, 477 

superficie de asfalto, 331, 444 

superficie de escenario, 226-228 

superficie de gestión de residuos, 470 

superficie de giro, 348 

superficie de maniobra para tos bomberos, 
444 » 

superficie de mesa, 166, 188 

superficie de movimiento, 34-35, 161, 166, 
169, 173, 247, 376, 468 

superficie de protección acústica, 493 

superficie de reflexión, 235, 492-493 

superficie de trabajo, 161-162, 165, 175, 
192, 194, 216, 247-248, 250, 292, 314, 
416 

superficie de ventana, 109, 187, 278, 
461-463 

superficie mínima de circulación, 26 

superficie mínima de una pista de doma, 
354 

superficie radiante, 542-543 

superficie resonadora, 493 

superficie útil, 7, 18, 36, 58, 75, 142, 161, 
339, 466 

supermercado, 266, 270, 274, 513, 518 

supervisión de obras, 540 

superyate, 350 

surf, 348 

surtidor de gasolina, 412, 419 

sustancias especialmente peligrosas, 215 

sustancias nutrientes en el suelo, 447 

sustancias químicas nocivas para el medio 
ambiente, 427 
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tabica, 31, 133 

tabiques, 218, 255 

tabla de batida, 336, 337 

tabla de cumbrera, 99 

tabla de planchar, 292 

tablas de la ley mosaica, 300 

tablas de surf, 348 

tableros, 2,-3, 21, 27, 29, 92, 95, 102, 104, 
141, 147, 161, 166, 170, 194, 216, ` 
286-287, 384 

tablestacados, 79-80, 346 

taburete, 13, 162, 166, 284 

taladradora, 286-288 

taller de bomberos, 295-296 

taller de carpintería, 287-288 

taller de decorados, 228 

taller de ebanistería, 286 

taller de encuademación, 262 

taller de lacado, 292 

taller de lavandería, 293-294 

taller de panadería, 290 

taller de radio y televisión, 292 

taller de reparación automóviles, 289 

taller de restauración libros, 262 

taller de teatro, 222 

taller de vehículos y herramientas, 295 

taller eléctrico, 229 

taller para la fabricación de decorados, 
228 

talud de protección acústica, 398, 438 

talud, 78-80, 346, 360-361, 383, 398, 423, 
437-438, 449-449 

tamaños DIN, 7 

Tambeach, 334 

tanatorio, 433-434 

tanque, 172, 457, 494, 544-545 

tapadera, 164 


tapicería, 228, 233 
taquilla, 229, 235, 284, 292, 319, 330, 358, 
367, 374-375, 379, 381 
tarima, 95-96, 210, 224-227, 230, 286, 313, 
363-364, 368 
tarima levadiza, , 224, 226, 230 
tarima móvil, 224 
tarima plegable, 225 
taza, 186 
teatro, 31-32, 44, 132, 202, 221-231, 491, 
513 
teatro de los siglos xvu y хх, 222 
teatro de Marcelo, 221 
teatro del barroco, 222 
teatro experimental, 229 
teatro griego, 44 
teatro itinerante, 230 
teatro medieval, 221 
teatro renacentista italiano, 221 
teatro romano, 44 
techo acristalada, 111, 219 
techo acústico, 224, 539 
techo radiante, 254, 539, 543 
techo reflectante, 508 
techo refrigerante, 539 
techo suspendido, 218, 254-255, 239, 524, 
541 
techo técnico, 225 
tecnígrafo, 252 
tecnología de ahorro de cableado tipo loop, 
329 
tecnología de la información de un hospital, 
329 
tecnología de la información y de la 
comunicación, 244 
tecnología de telecomunicación, 254 
tecnología del almacenamiento, 275-283 
tecnología medioambiental, 350 
teja, 27, 30, 62, 97, 100-103 
tejado, 30, 100-101, 333, 403, 460, 476, 
484, 495-496 
tela metálica, 29, 442, 462 
telealarma de capacitancia, 131 
telefonía, 48, 184, 261-262, 394 
teléfono, 48, 50, 199 
teléfono móvil, 244 
telescópicas, 127 
teletrabajo, 244, 251 
telón de cierre, 221, 226, 234, 
temperatura, 4-5, 15-16, 19, 23-32, 49, 91, 
96, 104-105, 111, 116, 118, 120, 124, 
131, 172, 176, 193-194, 215-216, 219, 
236, 254, 273, 291, 328, 378, 382, 384, 
386, 429, 433, 450, 460-463, 465, 469, 
478-485, 499, 516, 518, 525, 529-530, 
535-546 
temperatura ambiente, 131, 176, 193, 254, 
291, 328, 469, 499, 529, 537, 539, 542 
temperatura de color, 518, 518 
temperatura de rocío del aire, 481 
temperatura de trabajo, 236, 479 
temperatura del aire, 49, 172, 193-194, 378, 
382, 460, 481 
temperatura interior de invernaderos, 450 
temperatura, 4-5, 15-16, 19, 23-32, 49, 91, 
96, 104-105, 111, 116, 118, 120, 124, 
131, 172, 176, 193-194, 215-216, 219, 
/236, 254, 273, 291, 328, 378, 382, 384, 
386, 429, 433, 450, 460-463, 465, 469, 
478-485, 499, 516, 518, 525, 529-530, 
535-546 
templo de Salomón, 300 
templo, 44, 52, 297-298, 300 
tenis, 196, 339-340, 356, 363 
tensor, 441-442, 447 
terminal de aeropuerto, 428-432 
terminal de computadora, 243 
terminal de datos, 19 
terminal de transporte intermodal, 422 
terminal ferroviaria, 422-423 
terminal muitifuncional, 244 
termoaisiante, 87 
ternero, 466 
terraplén, 241, 330, 403, 437 
terraza, 18, 32, 36, 70, 75, 104-106, 125, 
147-148, 150-151, 153, 156, 161, 
166-168, 172, 178, 181, 185, 190, 195, 
197, 239, 344, 348-349, 379-380, 384, 
411, 451, 484, 501 
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terreno, 1-3, 10, 37, 57, 59, 68, 70-71, 
78-85, 91, 94, 105, 436-451, 454, 461, 
463-465, 495, 531, 545 

terreno consolidado, 440 

terreno natural, 10, 355-356, 358, 383, 454 

terreno urbano, 68 

Thermoplus$, 117 

tiempo de asoleo, 499 

tiempo de reverberación, 233, 235, 489-493 

tienda, 183, 219, 266-274, 290, 292, 298, 
301, 349, 372, 395, 411, 419, 430 

tienda de campaña, 199, 442 

tienda de circo, 239 

tierra, 10-11, 330, 436-454 

Нета de relleno, 437, 440 

tierra vegetal, 106-107, 201, 451 

tijera de perfiles, 288 

timbre, 131, 158 

tipología de acceso para centros de 
educación infantil, 200 

tipología de casa, 151, 156 

tipología de cocina, 162 

tipología de locales, 243-255 

tipología de oficina, 251 

tipología de viviendas, 149, 179 

tiro, 119, 336, 347, 360-361 

tiro al pichón, 361 

tiro con carabina, 360 

tiro de ballesta, 360 

tiro de las chimeneas, 546 

tiro de pelota, 332 

toallas, 171, 173, 294, 316, 320 

toallero, 173, 283 

tobogán, 279 

tocador, 190 

toldos, 109, 278, 509 

toma de agua, 194, 250, 328, 527 

toma de agua de instalación sprinklers para 
bomberos, 529 

toma de agua potable, 199 

toma de aire comprimido, 321 

toma de corriente trifásica, 384 

toma de datos de edificios, 62-67 

toma de electricidad en el suelo, 288 

toma de energía, 289 5 

toma de oxígeno, 321 

toma de tierra, 173 

toma de vacío, 321 

tomografía, 308 

tomógrafo para resonancias magnéticas, 
305 

tono, 233 

topografía, 55, 70, 79, 344, 388, 445 

topógrafo, 78 

tormenta, 494, 509 

tomapuntas, 99 

tomería, 287 

tomiquete, 268 5 

torno, 287 

toro, 241, 456, 459 

torre, 52, 59, 71, 141, 149, 154, 157, 
226-227, 254, 256-258, 295, 352, 355, 
405, 408, 428, 441, 458, 472, 492, 517 

torre de aparcamiento, 408 

torre de bomberos, 295 

torre de control aeropuerto, 428 

torre de deportes, 352, 355 

torre de escenario, 227 

tostadora, 190, 192 

Toukou, 44 

trabajo administrativo, 243 

trabajo de oficina, 243 

trabajo en casa, 244 

trabajo en grupos, 205 

tractor, 457-458 

tractor estercolero, 354 

tráfico aéreo, 427 

tráfico de vehículos, 32, 296, 389, 393, 397, 
444 

tragaluz, 108-116, 120, 137, 219 

traje, 171 

tramoya, 239 

trampolín, 355, 374, 378 

transferencia de calor, 480 

transformador, 229, 329, 510, 511 

transmisibilidad de la luz, 115 

transmisión acústica, 486, 493 

transmisión de calor, 49, 118, 481, 484, 543 

transmisión de cargas, 32, 88, 93, 255, 260 
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transmisión de energía solar, 121 

transmisión de la radiación, 123 

transmisión de ruido, 252, 487-488 

transmisión energética, 116-117 

transmisión lumínica, 117, 119-121, 504, 508 

transmisión térmica, 480, 482 

transmisión UV, 116 

transmitancia térmica, 111, 116-117, 480, 
483 

transportador, 279-280, 428, 458, 477 

transporte con aparatos elevadores, 288 

transporte de carga aéreo, 427 

transporte de carga europeo, 422 

transporte de contenedores, 227 

transporte de documentos, 249 

transporte de pasajeros, 427 

transporte ferroviario de mercancías, 422 

transporte público municipal, 389 

transporte público urbano, 415-419 

tranvía, 392, 415 

trapecio, 370 

trastero, 157, 160, 167, 174, 177, 178, 386 

tratado de la International Civil Aviation 
Organisation (ICAO), 432 

tratamiento ambulatorio, 309 

tratamiento de aire, 539-440 

tratamiento termodinámico del aire, 539 

travelift; 346-347, 349 

traviesa, 420 

trayectoria solar, 499-500 

trayectoria visual, 330-331 

trazado de las vías de ferrocarril, 423 

tren, 50, 275, 420 

tren de alta velocidad, 425 

tren de barras, 279 

tren de cercanías, 415 

tren de lavado, 289 

tren de mercancía, 470 

tren de ruedas, 279 

tren suburbano, 415 

triánguio, 42-43, 45, 47 

triángulo de Pitágoras, 42 

triángulo indeformable, 99 

tribuna, 224-225, 330, 354-355 

trineos, 356 

trituradora de papel, 473 

tubería, 84, 93, 337, 445, 490, 494, 527, 
531, 543 

tubo aspirador, 445 

tubo de calefacción, 544 

tubo empotrado de calefacción o 
refrigeración, 254 

tubo fluorescente, 511 

tumba, 39, 434 

tumbonas, 167, 386 

túnel, 423 

turba, 438 

turbina, 57, 445, 479 

turismo, 31, 197, 289, 330, 339, 391-392, 
401, 403, 405, 407-408, 414, 528 
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UCI, véase Unidad de Cuidados Intensivos 

ultrasonidos, 302 

umbral, 125, 158 

umbral de audición, 486 

unidad europea de carga intermodal, 422 

unidad quirúrgica, 313-314, 325 

unidades básicas, 4, 39 

unidades físicas y luminotécnicas, 510 

unión con bridas, 382 

uniones resistentes a los rayos ultravioleta, 
124 

urbanismo del movimiento modemo, 150 

urgencias, 308-311 

urinario, 172, 363, 376, 406 

uma funeraria, 434 

uso sostenible de la energía, 149 

usuarios de silla de ruedas, 33-37, 214, 
259, 158 

utensilios, 163-164, 175, 193 


у 


vacas, 456, 466 

vagones, 415, 420-422 
vagoneta del escenario, 226 
vagoneta, 273 

vajilla, 161, 163, 165, 190-194 


568 


valla, 130, 439-441 

valor característico energético, 485 

valor de conexión de los electrodomésticos, 
326 ` 

valor de diseño de conductividad y 
resistencia térmica, 483 

valor de permeabilidad, 445 

valor de unidad de descarga, 532 

válvula de aireación, 532 

váivula magnética, 445 

válvula, 84, 140, 529, 536 

vapor de agua, 4 

vapor por condensación, 102 

varadero, 346, 348 

vaso de una piscina, 382 

vaso estanco de hormigón, 84 

vegetación, 106, 436, 444, 446-449, 451, 
454 

vehículos de transporte de mercancías, 470 

velatorio, 320, 434-435 

veleros, 345, 347 

velocidad de entrada del aire, 460 

velocidad de propagación de la onda de 
flexión en un elemento constructivo, 486 

velocidad de renovación del ajre, 223 

velocidad del aire ambiental, 539 

velocidad del viento, 537 

venta ambulante, 273 

venta autoservicio, 266 

venta tradicional, 266 

ventana, 12, 108-112, 114, 118, 137, 218, 
245, 254, 277, 286 

ventilación, 57, 62, 131, 203, 215-216, 
282-283, 309,.323, 328, 460, 467, 483, 
489, 537-540, 548 

ventilación a través de pupitres, 213 

ventilación automática, 168, 527 

ventilación cruzada, 254, 406 

ventilación de la tierra, 107 

ventilación de un invernadero, 450 

ventilación en cascada, 254 

ventilación forzada, 115, 256, 258, 460, 475, 
520 

ventilación mecánica, 165, 172, 460, 469, 
483, 537-538 

ventilación natural, 111, 214, 264, 283, 406, 
537 

ventilación por aireadores en cubierta, 537 

ventilación por demanda, 538 

ventilación por gravedad, 460 

ventilación por patinejos, 537 

ventilación por presión, 460, 539 

ventilación transversal, 537 

ventilador, 115, 165, 528, 539-540 

ventilador axial, 460 

ventilador radial, 538, 460 

ventilador-convector con recirculación, 540 

verdulería, 273 

vertido de basura, 472 

vertido de capa superficial, 437 

vertido de tierras, 437 

vestíbulo de acceso, 157, 266, 268, 273- 
274, 324 

vestíbulo de ascensores, 243 

vestíbulo de multicines, 236 

vestíbulo de oración, 300 / 

vestíbulo de teatros, 229 

vestido, 171 

vestidor, 160, 169-171, 180, 311-312 

vestidor para personas en silla de ruedas, 
375 

vestuario, 283-284, 366, 375-376, 379 

vía de circulación, 57, 206, 247, 390, 398 

vía de comunicación, 181, 389 

vía de evacuación, 109, 206, 240 

vía de rodaje de las plataformas, 428 

vía de servicio en aeropuerto, 431 

vía de tránsito, 428 

vía férrea, 392, 415-417, 420 

vial, 2, 10, 76, 256, 276-277, 280, 349, 
389-398, 404, 406-407, 410, 438, 454 

vial ciclismo urbano, 395 

vial para bicicletas, 394-396 

vial para bomberos, 454, 528 

vibración, 4, 31, 48, 57, 58, 81, 218, 236 

vibración aérea irradiada, 490 

vibración de las instalaciones, 489 

vibración de los elementos sólidos, 490 


vibración sonora audibles, 486 

vida útil, 58, 85, 254, 275, 304-305, 346, 
447, 476, 510-511 

videovigilancia, 350, 406 

vidrio aislante, 11, 62, 111-112, 116-124, 
398, 508, 525 

vidrio altamente reflectantes, 117 

vidrio antibalas, 119, 260 

vidrio armado, 116-117, 120, 123, 131, 219, 
525 

vidrio celular, 104 

vidrio de seguridad, 19, 116-124 

vidrio parallamas, 123 

viento dominante, 54, 56, 70, 115, 158, 348, 
455 


-vigas, 8, 27, 59, 67, 81, 85, 89, 91-93, 99, 


103, 255, 257, 279, 388, 383, 448, 480, 
488, 523 

vigas alveolares, 103 

vigas maestras, 93, 255, 257 

vigas sin pilares intermedios, 255 

vigilancia, 130, 329, 350, 383 

vigueta, 28, 79, 92-93, 103, 177, 255, 278, 
465 

visibilidad, 109, 223-224, 227, 231, 238, 
298, 330, 377, 393, 406, 504 

vitrina, 130, 220, 268, 313, 322, 426, 509 

vivero, 446 

vivienda, 75, 147-178 

vivienda asistida para personas de la 
tercera edad, 180 

vivienda de emergencia, 147 

vivienda sana, 48 

vivienda sin barreras arquitectónicas, 
33-37, 161, 173 

vivienda social, 148 

vóleibol de playa (competición), 334 

vóleibol, 332, 334 

volquete, 457 

volumetría, 55 

vuelo, 427 
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waterpolo, 378 


xilolita, 286 
Y 


yate, 19, 345, 347-350 
yegua, 468 

yeso, 27, 29, 91 

yudo, 368 
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тапса de escalera, 31, 132-136, 425, 444 

zanja, 79-80, 83, 423, 445, 543-545 

zapatas, 81, 444, 454 

zapatos, 159, 171, 174 

zona arbolada, 444 

zona comercial, 76, 266 

zona de baño, 183, 452 

zona de limitación de ta edificación, 429 

zona de perturbaciones geopatógenas, 48 

zona de protección de aguas subterráneas, 
544 

zona de recreo infantil, 339 

zona de seguridad, 265, 361, 368 

zona de urgencias, 309 

тоо, 240-242 

zuncho, 89 


